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PREFACE. 



The object of this work is to facilitate the introduction of a Course 
of Chemistry, as an elementary branch of education, in all schools 
and academies, and to lay a foundation for the young pupil's future 
progress in Science, and in the more important of its practical 
applications in the economy of daily life and the useful arts, by 
awakening his mind to the nature of the material world in which 
he is placed. 

Chemistry occupies a position altogether peculiar, when con- 
sidered as a branch of general education, from its practical relation 
to the materials that affect man every moment during the whole 
period of his existence. No one can study the phenomena of respi- 
ration, the nature and varieties of atmosphere to which the human 
frame is exposed, the theory of combustion, the communication of 
heat, the production of artificial light, the purification of water, 
the evolution of poisonous gases and other deleterious impurities, 
or any portion of the infinite variety of facts which this science 
has pointed out or explained, without seeing the important position 
which it holds with respect to the general economy and manage- 
ment of the means provided by the Author of nature for the 
existence of man. 

Every one, in reality, is more or less a practical chemist, whether 
he shall study chemistry systematically or not ; and it becomes a 
question, therefore, how far it may be possible to introduce, as a 
general branch of education, a course of such select illustrations as 
may enable all to become familiar with the facts connected with 
this science which influence the wants and comfort of daily life. 
Such courses would have the advantage of awakening iVva \sv\tA <A 
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the young pupil to a more precise understanding of the nature of 
the material world in which he is placed, and lead him to ohserve 
with a philosophic eye many of the phenomena of nature and of 
art, which, under ordinary circumstances, he altogether overlooks, 
from the want of a proper key. 

They have not been recommended without a proper trial of their 
practicability. Several years ago, courses were given to upwards 
of one thousand persons, from different schools and academies, 
with a view of determining details ; and it is submitted, that, were 
arrangements made for their general introduction, the expenditure 
of a very moderate sum in each school would be sufficient to pro- 
vide apparatus for illustrating the more important and essential 
points in chemistry, connected with the general preservation of 
health, the use and application of fuel, and the various departments 
of this science that are continually forced upon the attention in 
every class of society. It is not contemplated to engage in such 
preliminary courses with complicated instruments, but to render 
familiar the use of more simple apparatus, such as there will be no 
difficulty in experimenting with, after a little practice, while, at the 
same time, it will be sufficient for all the illustrations required. 

In all the schools where such trials have hitherto been made, the 
pupils entered eagerly into the prescribed exercises. These were 
evidently, when properly arranged, congenial to their inclinations 
and adapted to their capacities. One hour a-week, for one session, 
would be sufficient to lay a good foundation, were no more time 
granted. And when the illustrations shown by the teacher are con- 
joined with a system of practical lessons in testing with flat-glass 
apparatus, the operations in which the pupils engage individually 
affi)rd a mental exercise of great importance, while they train in 
early life those that perform them to habits of precise and accurate 
observation. The imion of a certain amount of practice with the 
theory of the subjects taught, however simple the arrangements by 
which all the pupils are enabled to join in this department, has 
been found of great importance in carrying these views into effect. 
The pupil, as Chaptal has well observed of those who engage in ex- 
periments, then sees in his practice the confirmation of all that is 
told him ; he refers all that is said to all that he does ; he compares 
the theory with his own operations, and in a manner identifies it 
with them. 
Again, such courses would not only be important in econo- 
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mising the means and increasing the comforts of the poor, but 
prove equally advantageous to other classes of society. Further, 
they have become essential for young persons intended for pro- 
fessions where a knowledge of physical science is necessary, as, 
.from the great progress now made in all its branches, without some 
I^evious training in elementary schools, it would be as impossible 
to expect the medical man, the engineer, the architect, the manu- 
facturer, and all who are professionally interested in science, to 
obtain that amount of information from the usual course of educa- 
tion which is now required, as it would be for any one to maintain a 
proper rank as a scholar or a mathematician, were he never to enter 
upon the study of classics or mathematics till he should join a 
university. Even now, in som& professions, it is observed that the 
period of professional education is not adapted to the present state 
of science ; and if elementary instruction, in some branches at least, 
be not provided systematically in schools and academies, an ex- 
tended period must be allotted to it at a future time, which must 
bear heavily on the means and resources of the advanced student, 
or college and university courses must be kept at a low level, com- 
pared with the ground they would take, were professors not com- 
pelled, as they too often are at present, to begin their courses with 
the most simple and elementary facts, which might be taught more 
advantageously before the pupils come to them. 

Chemistry, accordingly, may be affirmed to have claims upon 
general attention, which no otiier branch of physical science pre- 
sents ; and it is also to be considered, from the cognisance which 
it takes of the composition of matter, as the basis of other branches, 
which can be associated with it afterwards in each peculiar semi- 
nary of education, as local circumstances may determine. 

Were the above plan carried more extensively into operation, a 
gieat mass of information, in reference to the nature and capability 
of the materials of which the globe is composed, and of the produc- 
tions of art, confined among a comparatively small number at pre- 
sort, would, in the course of a very few years, be much more gene- 
rally difRised throughout the country ; and, besides the direct ad- 
vantages that would be gained in this manner, many other valuable 
Nsolts would be obtained, particularly a more sp^dflc knowledge 
of the nature of the action of external agents upon the human 
frame ; whence additional and more willing assistance might be cal- 
culated on in carrying out the details of all public measures for tb^ 
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improvement of health, especially in that class of society whose 
want of means and of inclination render them most obnoxious to 
those causes of disease which can be alleviated or removed by care 
and attention. Nor ought it to be forgotten, that these means 
would establish, at the same time, opportunities which might enable 
emigrants to acquire a knowledge of numerous facts, which must 
be highly valuable to them after they leave their native country, 
though, perhaps, the establishment of a few local schools for this 
purpose, in the principal ports from which they embark, would als<r 
be desirable. 

The leading outlines of the plan recommended were fuUy detailed, 
a few years ago, in Chambers's Journal,* and I beg to refer to that 
work for further remarks on the sulgect. 

In using this treatise, the teacher is recommended to show such 
experiments as his facilities may permit, from the very commence- 
ment of his course ; and practice will soon enable him to avail 
himself of numerous adjustments which may not at first occur to 
him. He ought also to endeavour to arrange a small museum of 
specimens, commencing with those tests and chemicals mentioned 
in the last chapter. The frequent use of the chemical abacus de- 
scribed in treating of the particles of matter, will be found mate- 
rially to assist the general student in ascertaining the precise nature 
of numerous chemical operations, more especially when he has not 
the advantage of frequently seeing experimental illustrations. 

* See Nos. 296 and ? J8. 
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CHAPTER L 



INTRODUCTION. — NATURE OF CHEMISTRY. 

1. This globe presents a vast variety of materials to view, 
having many diflFerent properties. By these they are distin- 
guished from each other, and adapted for the various purposes 
they serve in the general economy of nature, and in supplVing 
the wants of man. A knowledge of their properties has been 
gained by the general experience of mankind, gradually in- 
creasing m each successive generation, and also by the disco- 
veries tnat have so often attended the investigations of men of 
science who devoted their time to such inquiries. 

2. The term Physical Science is usually employed to signify 
the knowledge of the material world, which has oeen obtained 
in the above manner, namely, by observation and by experi- 
ment. 

3. For the convenience of the student, as well as with the 
view of providing a clear and systematic classification, it has 
been customary to consider the facts that have been discovered 
in various points of view, and to arrange them under different 
heads or departments. Hence, in particular, have arisen the 
two great branches of Natural Philosophy and Chemistry, 
which may be said to constitute the basis of every department 
of physical science, whether it refer to the animal, to the vege- 
table, or to the mineral kingdom. 

4. Natural Philosophy takes cognisance of all those pro- 
perties of matter in which the form and the stability or motion 
of matter come into play. The sailing of a boat, the movement 
of a cannon-ball, the working of a macVvme, \.\vft <lq\v^\x>q^^N>Ssscl 
of a building, the alteration in the fonn o4 a -^Saq.^ o^ >kq»^^. 
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stone, or marble, as induced by mechanical means, all come 
within the province of Natural Philosophy. The stability of 
bodies, motion, its production and direction, and the effect of 
any impetus produced by one mass of matter acting on or 
striking another, are always the great objects of consideration. 

5. But in Chemistry a verjr different view is taken. The 
properties of the minute particles of matter are investigated, 
ana the manner in which the particles of one kind of matter 
affect the particles of other booies, when they are intimately 
mixed witn each other. 

6. In the department of Natural Philosophy, the materials or 
masses that may be the object of experiment and observation 
present the same general characters before and after they have 
been observed or made the subject of experiment. The marble 
that Is dug out of the ground is still marble, whether broken 
into fragments by a rude blow with a hammer, or fashioned 
into a bust or statue by the chisel of the sculptor, a mechanical 
chan^ solely having been effected. 

7. In chemical action, however, this is not the case ; the 
matters that come into play form more or less a substance hav- 
ing a new appearance, and heat, light, electricity, and magne- 
tiran, are often and sometimes idl developed in tne same expe- 
riment. When a piece of coal bums, a chemical action takes 
place between its particles and those of the air ; the coal in a 
great measure disappears, and the air in contact with it acquires 
new properties, becoming fatal to animal life, and incapable of 
supporting the combustion or burning of more coal, while heat 
and light are largely evolved. All this arises from the minute 
particles of the coal affecting the minute particles of the air, 
the greater portion of the coal producing matters that are no 
longer visible, but which are thm and attenuated like the air, 
however different they may be from it in other respects. 

8. If coal be heated without access of air, another series of 
chemical changes occur ; gas^ water, tar, ammonia, and coke, 
are the result. 

9. Again, sugcu* and salt are dissolved by water, the particles 
of the fluid uniting with those of the soud ; and by mingling 
various substances, not only are heat, light, and electricity 
evolved, but solids often become liquid or gaseous, while liqui<i8 
become solid or gaseous, and gases often pass to a liquid or solid 
form. 

10. The colour, density, lustre, tenacity, and other properties 
of bodies acting chemically, are frequently so entirely changed, 
that we cannot with the eye alone recognise in the products 
the original materials out oi which they may have been formed ; 
if sand and soda be heated in a furnace, the particles of the 
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one unite with those of the other^ and melt into a transparent 
glass. 

11. A chans^e of properties, then, is the grand and leading 
character of tne operations of Chemistry, not a change of mo- 
tion, place, or figure, as in Natural Philosophy. 

12. But what are the particles of matter! Has any one 
ever seen them ? Can we take any one out from any mass of 
matter, and examine it hy itself! Man has not hitherto heen 
able to answer the former question, nor has he powers of vision 
sufficiently acute, nor instruments sufficiently delicate, to enable 
him to pick out a particle from any mass oi matter, and show 
it by itself. The particles referred to here are not small por- 
tions such as would be termed particles in ordinary language, 
but the minutest portions which it would be possible to obtSm 
were the subdivision of these ordinary particles carried to the 
greatest extent of which they are susceptible. The progress of 
Chemistry has pointed out a series of racts connected with the 
proportions in which bodies combine, which have led univer- 
sally to a belief in the existence of very small particks or 
atomsy by the union of which all masses of matter are com- 
posed. And so excessively minute are they supposed to be, 
that it is considered as impossible for any one to recognise the 
individual atoms in any mass under observation, as it would 
be for him to distinguish with the naked eye the various plants, 
shrubs, flowers, and their leaflets, that may cover the fece of a 
very distant mountain, however distinct its characteristic out- 
line may appear. They are so minute that they are concealed 
from his imperfect view, though he may see the matter of 
which they are composed. But were he to acquire a more 
powerful vision, he would doubtless see every particle in its 
appropriate place, as palpably as a near inspection would show 
him the shrubs, ihe flowers, and the leaflets on the mountain. 

18. The atoms, then, which compose masses of matter, may 
be regarded as the more immediate creation of the Deity, the 
masses into which they are now united having been produced 
by the circumstances to which they have been subsequently 
exposed, and the number and nature of those associated together. 
They have unquestionably been created with a vifew to the 
various purposes to which they have been applied by man ; 
and hence we see, in the most striking point of view, that even 
in all those inventions which man has made, he has stUl em- 
ployed materials that may be said to have been created for such 
purposes by the Author of Nature. And, in a chemical point of 
view, were he able to procure a magnifying glass of sufficient 
power, he might then be able to trace the progresa d VafiS^^ML^ 
particles in afi their fluctuating changes, Tfe<io^mxi^*OBKCi.\si. 



8 PARTIOLES OF MATTER — ATOMS. 

all their new and yaried forms, however different to the naked 
eye the masses may appear in which they are contained. 

14. Again, these atoms or particles are not considered as 
susceptiUe of any change, however varied the appearance of a 
mass of matter may he, owing to the manner in which the^ 
are grouped together. They may constitute a thin and invi- 
sible gas like the air that we breathe, a dense and ponderous 
solid, a cloud, or a mobile liouid, according to the mode in 
which the^ are associated witn each other. ' What matter is 
more familiar to us in many different conditions than that 
which constitutes ice, water, steam, and the vesicular vapour 
of which clouds are composed ? Neither can they in any wajr 
be destroyed by any power that man possesses, or which is 
known to operate at the surface of tne globe. They may 
appear and aisappear before the naked eye, out they still exist 
as essentially in the thin and invisible gas as in the most pon- 
derous solid. Newton well expressed the opinion that is now 
prevalent when he said that he considered it probable ^* that 
the Author of Nature in the beginning formed matter in solid, 
massy, hard, impenetrable particles, of such sizes and figures 
as most conduced to the end for which he created them, and 
that these primitive particles are incomparably harder than 
any porous solids composed of them, so hainl, as never to wear 
away or break in pieces, no ordinary power being able to 
divide what had been made one in the first creation." 

15. These are the particles that produce chemical action, 
when different kinds unite together or are separated from one 
another. So small are they, that individually they are invi- 
sible, and yet so countless are the myriads, in which they are 
gathered together, that they constitute the air, the earth, the 
ocean, and everything material that is observed upon the 
globe. So curiously, also, are they constituted, that they 
never change their chemical arrangements without the evolu- 
tion or absorption of heat, light, or electricity. Grand and 
majestic as the great and most imposing phenomena of natui'e 
are, still, whether we look at the thunder-storm, at the hurri- 
cane, or at the volcano, it is to the action of these particles 
that all must be more immediately attributed. 

16. If we turn from the mineral to the vegetable and animal 
kingdoms, there again we shall find the atoms in incessant 
action, modified no doubt by the peculiar apparatus which, in 
one point of view, a tree or the body of an animal may be 
considered, the different structures that are there observed 
being made from the food by a chemical action — from mate- 
rials which were dead, and which, in the progress of time, when 
death takes place, return again to their kindred dust. And if 
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in the productions of the animated world a peculiaritj of stmc- 
ture be observed, which is never witnessed in the mineral 
kingdom, this arises from the various particles out of which 
they are constructed being presented to each other in the living 
frame, which may be termed, so far as the mere chemical 
relations of the materials com|>osing it come into play, an 
apparatus constructed by the Deit^ mmself, and in which all 
the particles must take that peculiar impress and arrangement 
that depends upon the circumstances in which they meet, just 
as the texture of any fabric or work of art indicates the peculiar 
operation or machinery to which it may have been previously 
subjected. 

17. But in what way is Chemistry useful, and what purposes 
does it serve in the ordinary affairs of life 1 Chemist^ teaches 
the nature and composition of bodies, and many of their most 
important properties which it is desirable for man to know. It 
teaches him the nature and qualities of the air that he breathes, 
of the water which he drinks, of the food upon which he lives, of 
the apparel with which he is clothed, of tne earth upon which 
he treads, and numerous changes of which they are susceptible, 
all conducive to his advant^ according to his skill in the 
chemical changes to which uiey are subject. In short, all 
bodies with wmch man is acquainted being constantly subject 
to a variety of chemical changes, and in numerous cases pre- 
pared entirely by chemical processes for the purposes to which 
they are applied, no phenomena are more continually forced 
upon his attention in the works of nature, or in the operations 
of art, than those which arise from chemical action. But on 
other occasions they present characters that are valuable from 
the manner ia which they indicate danger, and forewarn him 
of circumstances that might otherwise render him liable to 
injury or death ; as, when the extiQction of a burning candle 
bjr the atmosphere of any old well or pit, informs him that it 
might prove latal to descend there, the cessation of the chemical 
changes that accompany the burning of the candle, being proof 
that the air in the old well or pit is as unfit for respiration as 
it is for combustion. 

18. Again, Chemistry is a source of unceasing interest from the 
singular nature of the facts which it discloses, and the endless 
purposes to which they may be applied. It has explained the 
composition of air, earth, and water, and examined, under the 
varied action of heat, light, and electricity, the powers and 
l^roperties of different kmds of matter. And how well has 
man been repaid for his toil and labour in such investigations ! 
Thousands or discoveries have lent their aid in advancing the 
tide of civilisation, and in adding to the co\aiQii\& oi X^'^ \ "^^^ 
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true theory of combustion has been unfolded ; and in trying 
the properties of matter by fire, the nature and energies of 
steam have been disclosed ; while the investigation of various 
subjects, in some cases not very promising in their first aspect, 
have afforded the most gratifying results, as in the examination 
of the chemical qualities of smoke, which has given rise to gas- 
lighting, and furnished those products that led to the manu- 
fact'^Tc of India-rubber cloth and other operations, in which 
numerous establishments are now actively employed. 

19. Among the chemical arts that constantly engage the 
attention of mankind, a glance at a few of the most important 
will at once show the great extent and importance of a know- 
ledge of Chemistry. 

20. Baking, brewing, distilling, and all the operations by which 
food is prepared from the condition in which it is furnished by 
nature, are all in general a series of chemical processes. The 
manufacture of bricks, pottery- ware, porcelain, and glass, ot 
mortar and cements, the extraction of metals from their ores, 
and the formation of alloys and amalgams, the operations of 
bleaching, dyeing, and calico-printing, the preparation of soap, 
soda, acids, alkalies, and of a never-ceasing variety of products 
usually termed chemicals, in consequence of their generally 
being prepared by those who have some skill in chemical 
processes, are all operations that come under this extensive 
science. 

21. Let us look more minutely to the importance of any one 
of these chemical arts. Take, for example, the manufacture of 
iron : — *' A piece of iron-ore, in the condition in which it is 
usually met with in this country, presents nothing but a dark 
stony-looking mass, uninteresting to any one unacquainted with 
its composition, and ignorant of the power which Chemistry pos- 
sesses over it. Subject it, however, to the operation of the blast 
furnace, and the metal immediately appears ; and how varied 
are the purposes to which it is applied— -how many are the forms 
which it may be made to assume ! What are the tools with which 
the mason, the smith, and carpenter work — ^those who contri- 
bute so large a share to the comforts of life in every civilised 
community 2 Iron is the element of which they are composed ; 
iron is the element by which they are made. What are the 
instruments with which the miner penetrates into the bowels 
of the earth, and acquires dominion over the mineral kingdom ? 
Are not the pick, the axe, and the spade, made of the same 
material l In the hands of the agriculturist, it forms the plough 
and the pruning-hook. With the soldier, it passes into the 
sword, the gun, the pistol, and numerous other instruments of 
attack and defence. But let us turn again, and we see it in the 
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cutting-knife of the surgeon, mitigating, by its severe yet 
wholesome operation, the most dreadful maladies to which 
humanity is subject. Look at it in the steam-boat, contending 
with wind and tide on the ocean ; and in the steam-coach, see 
how it outstrips the fleetest horses ! Look to it in the little 
needle employed in the finest and most delicate embroidery. 
Look again, and you see it in the beam of the mighty steam- 
en^e, wielding with its single arm a power superior to the 
umted energies of a thousand men. It fbnns the bolts that 
bind together the timbers of every vessel that leaver our shores, 
each in itself a monument of art, a moving citadel ; it forms 
the magnet that guides their path across l£e trackless ocean, 
and the anchor that stays them in the storm. Li many ships 
as they are now constructed, this metal may often be observed 
replacing even the very timbers that are usually employed. 
It forms the ink, and now even the veiy pen, with which 
we write. In the printing-press it is still more conspicuous, 
assisting in that great engme for the difPusion of knowledj^. 
And in the watch-spring, it enables us to count the fleeting 
moments as they pass away. But volumes would be remiired 
to tell all the puri>oses to which it is a]>plied ; and stul we 
cannot foi^et that it can neither be extracted &om the ore, 
nor applied to any of these objects, tmless by the powerful aid 
of chemical action. And Chemistry abounds witn &cts such 
as these. 

22. It has indeed thrown a new light on the phenomena of 
nature, and explained a thousand mysterious operations, of 
which formerly we were completely ignorant. Chemistry, 
also, in unveiling the natural operations timt are carried on at 
the surface of the globe, has made us acquainted with number- 
less agencies, whose contiaued action is essentially necessary to 
preserve the order of nature, and afibrds us a new display of 
that stupendous power and yosdom that commanded order out 
of chaos, and imposed upon every atom powers as necessary to 
the present state of nature, as the T^:ulari^ of those move- 
ments that keep the mightiest orbs balmiced in their spheres, 
so that, amidst incessant chans^es, no jarring element is allowed 
to disturb the harmony of tne whole. There is no science 
which is more admirably adapted to form a pleasing and an 
interesting pursuit. He who is acquainted with Cheimstry has 
a new key to explain the works of nature ; nor can he walk 
abroad without finding in all her operations^ and in all the 
products of the material world, a new source of important and 
mteresting instruction."* 

* From the Study 0/ Chemistry, by Dr Held. ««& CYvMsCttew?^ ^wsros^ 

B 
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CHAPTER II. 

I 

GENERAL OBSERVATIONS ON HATTER AND CHEMICAL ACTION. 

23. Matter is observed at the surface of the globe in four 
very different forms, namely, in the solid, liquid, gaseous, and 
vesicular form. Earth, water, air, and clouds, present familiar 
examples of these conditions. 

24. Solids are particularly distinguished by the comparative 
rigidity of their texture, opposing considerable resistance to 
any attempt that may be made to reduce them into smaller 
parts. Thev are in general the heaviest bodies observed at the 
surface of t£e globe. 

25. Liquids are distinguished by the extreme mobility of 
their particles, these moving upon each other, changing their 
relative position, and producing currents from numerous causes 
that have no such effect on solids. 

26. Gases are thin and attenuated compared with solids and 
liquids, and are still more mobile than water and other liquids. 
Vapours constitute a variety of gases, differing from them, as 
steam differs from atmospheric air, in so far as the one is con- 
densed by cold into water, while the other is not affected in 
this manner by any degree of cold to which it has hitherto 
been exposed. 

27. V EsicuLAR Vapours present matter in a peculiar condi- 
tion, into which many vapours pass, under circumstances which 
have not hitherto been satisfactorily explained. Clouds pre- 
sent a familiar variety of vesicular vapour. 

28. A number of substances are capable of appearing in all 
these forms ; as water, which can be frozen into ice, converted 
into steam by boiling, or made to present the appearance of 
vesicular vapour when the steam is allowed to come in contact 
with the air. Other bodies cannot be made to present su^ ^ 
changes; but where the texture is not altered or destroyed 
by the application of heat or cold, it is considered that H 
would be possible to cause similar changes in all bodies by the 
action of more intense heat and cold than can be at present 
produced. 

29. In a chemical point of view, all bodies, whether in the 
solid, liquid, gaseous, or vesicular form, are regarded more 
especially as being simple or compound. 

30. Any matter from which nothing different from itself 
can be obtained is considered simple, and termed an element : 
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thus sulphur is called an element, because, do what we may 
with it, nothing different from sulphur can be procured from 
it. Compounds consist of different Jdnds of matter which may 
be separated from each other, as salt-water, from which the 
water may be separated by boiling, when the salt is left. 

81. All masses of matter are composed of small particles 
(see par. 12, &c.), and these being considered indivisible, are 
termed atoms. They must be exceedingly small, though their 
exact size is unknown, as a single grain can be divided into 
many millions of parts. To illustrate this : — Put one grain of 
sulphate of iron, which contains only about a fifth pai*t of iron, 
into fifty ounces of water, and add a few drops of a solution of 
the ferrocyanate of potassa. Every portion of the water is 
coloured by the ferrocyanic acid, one of the ingredients in the 
ferrocyanate acting on the iron. A solution of the ferrocyanate 
is prepared at once by pouring upon it in powder ten times 
its bulk of water. 

82. The particles of a mass of any element are similar to each 
other, and contain only one kind of matter. But the particles 
of compounds contain two or more dissimilar particles. 

33, Masses of matter are compressible^ divisible, and porous, 
but particles are considered incompressible, indifsisible (unless 
in the case of compounds), and destitute of porosity, 

84. All particles of matter are subject to the influence of 
heat, light, electricity, and magnetism, and possess also powers 
of attraction and repulsion for matters of the same and also 
of a different kind, according to the circumstances ia which 
they are placed. The precise cause of these powers of attrac- 
tion and repulsion is unknown ; all that can as yet be stated 
on this point is the bare fact that matter has been so constituted 
by the Author of Nature. . It is well ascertained, however, that 
there is a very intimate connexion between chemical action 
and the development of heat, light, electricity, and magnetism, 
as the particles of matter, in assuming new arrangements in 
chemical operations, often evolve heat, light, and electricity, 
while the latter can always be made by various arrangements 
to develop magnetism in iron. It is also equally known that 
heat, light, electricity, and magnetism, can in their turn pro- 
duce chemical changes, when Siey are brought to act on the 
particles of matter. 

35, By the action of these powers or forces of attraction and 
repulsion, all changes in the material world are regulated ; 
all bodies, even those that may at one time present a strong 
and unyielding texture, are suDJect to decay from the separa- 
tion of their individual parts, while new attractiona <i^«»^» 
and cause them to assume new forms. 
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36. In stndying the properties of matter, it is important to 
recollect that these are primary and secondary, 

37. The primary properties are observed in all kinds of 
matter. They include extension, impenetrability, inertia, and 
indestructibility. Matter is obviously extended, and it is 
also indestructible by any operations to which it can be sub- 
jected, in the ordinary course of circumstances observed at the 
face of the globe. By impenetrability it is intended to signiftr 
that no portion of matter can penetrate into the space that is 
occupied by another at the same moment. The term inertia 
refers to the fact that matter cannot of itselfhegia. to move, or 
assume a quiescent state after being put in motion. 

38. The secondary properties of matter constitute those by 
which one kind of matter is distinguished &om another ; and 
the^ include also the power of attraction, and the relation 
which matter bears to heat, light, electricity, and magnetism* 
Of these, the most important is attraction, which is termed 
gravitation when it operates between masses of matter. 

39. All kinds of matter tend te attract each other, mass to 
mass, and particle to particle. When a stone 13 lifted from the 
ground by the hand, the mechanical effort made by the hand 
overcomes the force with which the stone is attracted by the 
earth and retained at its surface. When it is no longer sup- 
ported by the hand, it falls, or is drawn down to the ground by 
the attractive power of the earth. 

40. Even air is attracted by the earth, and presses upon each 
square inch of its sur&ce with as much force as a weight of 
14-6 lbs. 

41. When particles of the same kind of matter attract each 
other and unite, a mass having the same properties as these 
particles is formed, and then the term cohesion is used to 
express the power of attraction operating between them. But 
when particles of different kinds of matter unite, the new par- 
ticles thus formed have properties in which they differ more 
or less from those substances by whose union they are formed, 
and the term chemical attraction or affinity is then employed* 

42. No substances can act chemically with each other which 
are not mixed together in the most intimate manner. Mixture 
is very different, however, from chemical action; sand and 
water may be mixed intimately together without producing 
any chemical change, but if salt and water be mingled together, 
the salt is dissolved by the water, combining with it and disap- 
pearing, while the water acquires a salt taste. 

43. By heat, light, and electricity, many kinds of chemical ac- 
tion may be effected, which do not take place by mere mixture. 

44. All chemical action consists in combination or decom-* 
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position. Combination signifies the union of particles of dif- 
ferent kinds of matter, as when sugar unites with water. Bv 
decomposition is underatood the separation of particles of dif- 
ferent kinds of matter which had previously been united, as 
the separation of salt and water from sea- water. 

45. Solution. — Suspend a piece of aqueous sulphate of 
copper (common blue vitriol), in thin gauze in a beer-glass or 
ela^ jar full of water. The particles of both combine, and 
form a stream of blue fluid, wnich descends from the points 
where they are in contact. The solid is said to be dissolved. 
The compound is called a s<dtitum of the solid. 

46. Put a piece of an iron hoop, a few inches in length, into 
aBDV glass vessel, cover it with water, and pour upon it aqueous 
sulphuric acid, equal to l-6th of the bulk of water employed ; 
so powerful is the chemical action exerted, that the particles 
of acid and of oxygen separate all the particles of iron from 
each other and combine with them ; the hydrogen, the other 
element of the water, is disengaged in the gaseous form. 

47. Precipitation. — Fill a beer-glass full of water, and 
dissolve in it ten or twelve grains of bichromate of potassa ^a 
salt composed of chromic acid and potassa), adding it m 
powder. Dissolve as much acetate of lead (common sugar of 
lead), consisting of acetic acid and oxide of lead, in another 
similar glass with water, filtering the solution obtained, if it 
be turbid. On mixing the solutions^ the chromic acid and 
oxide of lead combine, and produce a solid compound which 
£sdls down, and is said to be jprecipOated ; the acetic acid and 
potassa unite, and remain in solution. 

48. Efferybsckncb. — ^Put a table-spoonful of carbonate of 
9oda (common soda) into a large beer-glass, cover it with water, 
and pour upon it aqueous sulphuric acid (oil of vitriol) as long 
as gas escapes. The chemical action consists in the union of 
the particles of the sulphuric acid and the particles of the soda, 
and the separation of tne carbonic acid, the other ingredient in 
the carbonate of soda ; it is expelled with effervescence : this 
term is applied whenever gas escapes rapidly from any liquid. 

49. Evolution op heat and light. — Mix intimately two or 
three grains of chlorate of potassa with an equal vreight of 
sugar, and touch the mixture with a glass slip previously dipped 
in aqueous sulphuric acid. It causes a compound of chlorine 
and oxygen to escape from the chlorate, wnich immediately 
inflames the sugar. 

50. Neutralisation. — ^This term denotes the complete loss 
•f properties that frequently attends combination. For ex- 
toiple : acids render the blue colouring matter of c&bh^^^t^^ 
while alkalies torn it to a green ; but i£ i\i<^ Q«t\ii\^ ^^ts^usqa^ 



16 SATURATION— CHEiaCAL EQUIYALSNTS. 

with the alkali in certain proportions, the hlue is not tnmecl 
either red or green. It is not affected at all, and the componnd 
is said to be neutral; the acid and alkaJi are said to have 
neutralised one another, each having lost the characteristio 
property mentioned. To show this experiment, take two 
glasses containing water tinged with vegetable blue ; and after 
rendering one red by a little sulphnnc acid, and the other 
green by common soda, mix small portions of these liquids in 
another glass till the blue colour is restored, by the acid in 
the one combining with the alkali in the other. 

61. Saturation. — ^This term is employed to denote the 
lai]^est quantity of one body that can combine with a given 
weight of another ; as when water is said to be saturated with 
salt, or has taken up as large a quantity of any salt as it can 
dissolve. 

52. All bodies do not act chemically with each other ; if we 
shake sand and water in a bottle, whenever the agitation ceases 
the sand falls : the water has no chemical action with it. 



CHAPTER III. 

ELEHEKTS OF WHICK THE QLOBE IS COMPOSED.— CHEMICAL EQUIVA-i 
LENTS, NOMENCLATURE, STMBOIiS, DIAGRAMS, THE CHEMICAL 
ABACUS.^<}A8EOU8 ELEMENTS AND COMPOUNDS. 

53. All bodies which unite chemically tend to combine in 
certain fixed or definite proportions. The numbers representing 
these proportions are called chemical equivalents. Thus, one 
pound of hydrogen combines with eight pounds of oxygen : 
1 therefore is the chemical equivalent of hydrogen, and 8 that 
of oxygen. 

54.* When bodies unite in more than one proportion, the 
proportion in each successive compound is represented by a 
multiple of that in the first compound, as in the following 
example : — 

Nitrogen. Oacygen. 

Oxide of Nitrogen, • 14*2 

Binoxide of Nitrogen, 14*2 

Hyponitrous Acic^ • 14*2 

Nitrous Acid • . 14*2 

Nitric Acid, . . 14*2 

Atmospheric Air, » 28*4 

55. The equivalents of compounds are found by adding the 
equivalents of their elements ; thus, 22.2 is the equivalent of 
4xide of nitrogen, conaiating of 8 oxygen and 14*2 nitrogen. 
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56. The following list comprises the names of the elements 
of which the ^lobe is composed, so far as they are known, 
with their symbols and chemical equivalents. Hydrogen being 
taken as a standard of comparison, the equivalent number of 
each element is ascertained by examining that quantity of it 
which combines with a given quantity of hydrogen. Where 
any substance does not combine with nydrogen, its equivalent 
is ascertained by finding out in what auantitf it combines 
with the equivalent quantity of any other substance which 
can unite with hydrogen. The following equivalent numbers 
represent those generally adopted, and are to be regarded in 
some cases only as approximations. Phosphorus is represented 
b;f 31*4, and antimony by 129*2, by some chemists. Elements 
with t prefixed have been very imperfectly described. 

Symb. Name. Equiv. 

*H Hydrogen, . 1 

Carbon, . . .6*12 

Oxygen, . . 8 

Boron, . . . .11 

Nitrogen, . . 14*2 

Sulphur, . . . 161 

Phosphorus, . 15*7 

Fluorine, . . .18*7 

Chlorine, . . 36*6 

Selenium, . . 40 
*Br Bromine, . . 78*4 
*I Iodine, . . . 126*5 
Si Silicum, . .. . 22 
L Lithium, ... 10 
Al Aluminum, . . 13*7 
Mg Magnesium, . .12*7 
G Glucinum, . . 26*5 
Ca Calcium, . . . 20*5 
Na Sodium, . . . 23-5 
Co Cobalt, .... 29*5 
Ni Nickel, . . . 29*5 
Fe Iron, .... 28 
Mn Manganese, . . 27*7 
Cr Chromium, . . 28*19 
Ir Iridium, . . . 98*8 
Cu Copper, . . .31*7? 
Ti Titanium, . . 23*5 
Te Tellurium, . . 64*2 
Y Yttrium, . . . 32*25 
fE Erbium, ... ? 
fTb Terbium, . . ! 
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Z Zinc, . . 


. . 32*3 


As Arsenic, . . 


. 37*7 


Zr Zirconium, 


. . 33*67 


K Potassium, . 


. 39*2 


Sr Strontium, 


. . 43*8 


Sb Antimony, . 


. 64*6 


R Rhodium, . . 


. . 52*2 


Mo Molybdenum, 


. 47*9 


Ce Cerium, 


. . 46 


tLa Lantanium, . 


9 

• • 


fDd Didymium, 


? 


Cd Cadmium, . 


. . 55*8 


Pd Palladium, . 


. 53-36 


Sn Tin, . . . 


. . 58*9 


Th Thorinum, . 


. 59*6 


Ba Barium, 


. . 68*6 


Bi Bismuth, 


. 71*5 


W Tun^ten, . . 


. . 94*8 


Pt Platmum, 


. 98*84 


Pb Lead, . . . 


103*7 


Ag Silver, . . 


. 108*3 


Ta Columbium, . 


184*8 


fNb Niobium, 


9 

• • 


tPp Pelopium, . . 


? 


til Ilmenium, . 


t 


Hg Mercury, . . 


203 


Au Gold, . . . 


. 200 


U Uranium, . . 


. 217*2 


Os Osmium, 


. 99*7 


tRu RutVicAiMTCL^ 


% % 


V \aii«AmTii> . 


. ^i^-' 
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57. The elements are arranged in this list in the order or 
sequence in which their properties, so ^ as they are enumer 
rated in this treatise, can be most successfully studied. 

58. The term supporter of combustion is often applied to 
oxygen, chlorine, iodine, and bromine, because many bodies 
bum with great facility when brought in contact with them i& 
the gaseous state. 

59. Hydrogen, sulphur, phosphorus^ carbon, boron, and 
many metals, are termed inflammables^ as they are so easily 
inflamed. These two terms, however, inflammables and supp 
porters of combustion, are used in a less specific sense than 
lormerly, as it has been found that two inflammables often 
give out heat and light during combination, so that in this case 
the one would require to be considered a supporter of combas- 
tion, and the other an inflammable. All the elements are con- 
sidered as metals, except those marked with an asterisk. Many 
are of opinion that silicum ought to be classed with the noB» 
metallic bodies. 

60. The names of elements and other chemical terms are 
generally derived from Greek or Latin words expressive of 
some leading character of the substance indicated. In some 
cases they have been used &om the most remote antiquity, or 
have been applied from circumstances altogether accidental. 

61. In the systematic nomenclature of modem Chemistry, 
however defective it still may be, from the difficulty of chang- 
ing names that have long been familiar, it is always considered 
desirable that the names of compounds should mdicate th^ir 
composition, the proportion of the respective elements, and their 
class or order ; but in the great majority of cases, these objects 
are as ^et only very impenectly attained, as exemplified in the 
terms m daily use. 

62. When the same elements, united in the same proportions^ 
but in different modes, produce different compounds, in the 
same manner as a builder can produce different structures with 
bricks of the same form, such compounds are termed isomeric, 
from Greek terms signifying the same parts. 

63. Proximate principle is a term applied to a compound, 
such as forms a part of a still more complicated compound. 

64. Binary, ternary, quaternary compounds, &c., indicate the 
number of elements or proximate principles in a compound. 

65. The names of binary compounds of oxygen, chlorine, 
iodine, bromine, and fluorine, when not acid, terminate in ide^ 
as oxide of lead, chloride of mercury. 

66. In binary compounds of other bodies, not acid, the name 
terminates in uret, as sulphuret of iron, Iwdruret of carbon. 

67» The number of equivalents in the first element or p^roo^- 
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nuiic principle named in a compound, is indicated by a Latin 
numeral ; as W*, fer, quater (or qttadro), in binoxide of mer- 
cury, terchloride of gold, quadroxide of chlorine. 

68. Greek numerals, dis, tris^ tetrakiSy indicate the number 
of equivalents in the second element or proximate principle, as 
in dmoxide of lead. 

69. Acid<t form a numerous class of compounds, which usually 
have a sour taste, redden the yeffetable blues, and lose their 
characteristic properties when tney combine witii dikalies, 
earths, and other substances. 

70. Oxacids consist of oxygen and other elements. 

71 • Hydradda consist of hydrogen and other elements. 

72. A termination in ic indicates an acid with much oxygen, 
as sulphuric acid ; a termination in oua indicates an acid with 
less, as sulphurous acid. 

7^ Aqueous is a term now coming into very general use, 
instead of hydrate^ to express the presence of water. 

74. The term saU is applied to numerous compounds, con- 
sisting of acids and oxides, and has been lately extended to 
many varieties of compounds differently constituted, and con- 
taining neither acids nor oxides. A salifiable hose is a term 
applied to alkalies, earths, met^dlic oxides, and various sub- 
sUmces which can form salts by combining with acids and other 
bodies. 

75. The names of salts are composed of the names of theii* 
component parts. 

76. ate is the terminating syllable ffiven in such cases to the 
name of an acid ending in ic, as in sulphate of potassa, composed 
ef sulphuric acid and potassa. 

T7> iteia the terminating syllable when the name of the acid 
ends in ous, as in sulphite of potassa, which consists of sul- 
pburous acid and potassa. 

78* A supersaU indicates that the properties of the acid pre- 
dominate, without reference to its composition, as in the super- 
tartrate d potassa. 

79. A sxibsaU indicates that the qualities of the base predo- 
vsiuile, as in the sub-borate of soda. 

80. A neutral salt expresses that the compound has none of 
the characteristic properties either of the acid or base, as id. the 
eolpbate of potassa : the term neutral is often omitted. 

81. Haloid salts are compounds of chlorine, iodine, bromine, 
0t fluorine, with metals. 

82. OxysaUs consist of two compounds united together, in 
Wih of which oxygen forms a component part. 

83. SvJiphosaUs are similarly constituted, the Qx.y^tL\b^\si% 
in ih«m replaced by sulphur. 
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84. All who wish to become familiar with chemistry oiubt 
to study the sprmbols of the most important elements. Thf 
manner of writing symbols is easily understood after a littk 
practice ; and if they be frequently used, they will facilitair 
as much the explanation of chemical action as the use of figures 
has simplified the operations of arithmetic. The following 
rules are to be carefully observed : — 

85. The sign = is used to signify that the substances placed 
before it can produce, or can be resolved into, those plMed 
after it. 

86. Each dot prefixed to a symbol indicates 1 equivalent of 
oxygen. A dot is frequently used instead of O for oxyeen. 

87. Compounds are represented by the symbols oi their 
elements. SFe = Sulphuret of Iron, is composed of sulphur 
and iron. 

88. A figure prefixed to any symbol or symbols multiplies 
all that follow, unless a new sign intervene ; thus, 2*H:S sst 
2*H4-2iS. A small figure placed after any symbol indicates 
that it alone is to be multiplied ; it does not refer to any other 
symbol, thus : WC = 2H+C. 

89. Brackets are often used in representing complicated 
combinations ; for example, [2HC3N+C2NFe]+2-K = F&[- 
rocyanic Acid + 2 potassa. A figure prefixed to any symbols 
placed between brackets multiplies them all, whether signs 
Intervene or not : 2[2:S+-K] = 4:S+2-K. 

90. In the symbolic and diagrammatic illustrations & is 
used to signify a substance added to another, but 4- is placed 
between substances already in combination. Thus, jS&'K 
signifies that sulphuric acid is to be added to potassa; but 
•S+'K means sulphate of potassa, or sulphuric acid already 
combined with potassa. 

91. Many vegetable acids are represented most conveniently 
by italic capitals, adding some succeeding letter where more 
than one have the same mitial letter : 

A. Acetic, Ct. Citric, P. Prussic, 

B. Benzoic, G. Gallic, T. Tartaric. 

92. All cases of chemical action represented symbolically 
should be extended on a slip of paper (or on a diagram board 
by the teacher) in the following manner, so as to enable the 
student to become familiar with the changes which take places 
This mode of illustration has been j)roposed as being better 
suited to the present state of the science than the <&agranui 
formerly used. 

93. To the left place the names or symbols of the substances 
employed. Arrange, in the next place, the names of the com- 
'Hxaent parts under each other, or of the different matters thai 
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are separated as the action proceeds. Lines traced from these, 
and uniting in a point, indicate those materials which combine. 
The lines are dotted when the products are gaseous, composed 
of smaller lines where they are liquid, and plain where they 
indicate the production or separation of any solid substance. 

94. For example, the nitrate of ammonia is a compound of 
nitric acid and ammonia. Nitric acid contains five particles of 
oxygen and one of nitrogen, and ammonia consists of one par- 
tiole of nitrogen and three of hydrogen. The weight of a 
particle of oxygen is 8, of nitrogen 14*2, that of hydrogen being 
1. But when nitrate of ammonia is subjectea to heat, all 
these particles take a new arrangement ; two particles of oxygen 
with the two of nitrogen produce two particles of oxiae of 
nitrogen, the three remaining particles taking the three of 
hydrogen. All these circumstajices are rendered more dis- 
tanot by the diagram, the nitric acid and ammonia being repre- 
sented towards me extreme left ; then the number of particles 
in each compound and their relatiye weights. The lines 
proceeding from these indicate the new arrangement, th(m 
that coalesce pointing out the new products that are formed. 

Deeomposition of Nitrate of Ammonia — ^Fig. 1. 
Before deoompOBitioii. Products. 

"Oxygen 8 , ^22-2 Oxide of N. 

Oxygen 8 ^^22*2 Oxide of N. 

"Nitric Acid J Oxygen 8 yy' 

64-2 ] Oxygen 8 X // 
Oxygen 8 >>^x;" 
(Nitrogen 14-2>'y\^s 
fNitrogen 14-2/' ""n^Ov 

Ammonia J Hydrogen 1 iN^:^9 Water. 

17-2 ] Hydrogen 1 -V^9 Water. 

(^Hydrogen 1 * 9 Water. 

Symb. : jN+NHs = 2-N&3-H. 

95. In studying the composition of compounds, the chemical 
abacus will be foimd yery useful. 

V06. It consists merely of the common abacus so much em- 
ployed by the ancients, and still used in different foreign cities, 
symbols representing elementary or compound bodies being 
placed along the side, as shown in fig. 2. 

:97. When the abacus is used, the beads are placed to the 
I'igbt^ if intended to represent elements, and to the left when 
they represent compounds. The figure shows it arranged in 
thir former manner, and six beads separated from the rest to 
iUiifltrate the composition of alcohol. In I. they or^ elL «q:^ 
poaed to be united tc^ether ; II. lepieBeiita \]ti<& ^hssl^ \i^s^ 
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disposed so as- to represent the formation of two particles of 
hydruret of carbon (2 and 3) and one of water (4) ; III. shows 
another arrangement of the same elements, namely, bihydmret 
of carbon (5), water (6), and carbon (7). The student may 
procure a cnemical abacus for sixpence or a shilling, or he may 



Fig. 8. 




make one for himself by stringing a few glass beads upon wire 
fixed in a wooden frame ; he should practise frequently with 
it, till he becomes familiar with the various changes of which 
the most important compounds are susceptible, whether de- 
composed with or without the addition of other substances.* 

98. In examining the composition and properties of many 
compounds containing gas^ it is necessary to become ac- 
quainted with the bulk which their elements occupy as well 
as their weight. The following table should be frequently 

* The use of the abacus for the above purpose, was suggested on observing the 
AoIUty with wbloh many calculations were made with it in places where it fa 
jodalfy- use, and tram the conviction that ttwUl eontc\\m\i6 tSc«eXVi Xa tuj^\a»A 
■ JWiifyrTfafrfiin of a more pnolm knowlodeid of ciUgroW ciiuncei. 
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referred to, as it shows the composition by weight and by 
measure of the most important gaseous compounds. 

The first column contains the names of differoai elements and 
compounds. 

The second column contains the hulk or measure of the 
weight referred to in Uie succeeding column, hydrogen being 
taken as a standard of comparison. The square figure repre- 
sents a whole measure, and the others indicate proportional 
quantities. Thus, in reading the sixth line, we say, Water in 
the gaseous state (steam) is represented by one measure, its 
equivalent weight is 9, and its symbol is OH. 

The third column contains the weight of an equivalent 
quantity of each substance represented. 

The fourth column contains the symbols of the elements 
and compounds represented in the preceding columns. 
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03cyffen (half a measure), 

Sulphur (a third of a measure), 

Phosphorus Hialf a measure), 

Hydruret of CJarbon (half a measure), 

Hydrogen (a whole measure), 

Water, 

Nitrogen, 

Oxide of Nitrogen, 

Carbon (hypotheticfd), 

Carbonic Oxide, 

Carbonic Acid, 

Bihydruret of Carbon, 

Cyanogen, 

Sulphurous Acid, 

Sulphuric Acid (anhydrous), 

Hydrosulphuric Acid, 

Chlorine, 

Iodine, 

Bromine, 

Binoxide of Nitrogen (2 measures), .. 

Ammonia, 

Hydrocyanic Acid, 

Hydrochloric Acid, 

Hydriodic Acid, 

Hydrobromic Acid, 
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Equiva- 
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CHAPTER IV. 

CRYSTALLISATION. 

99. In many chemical operations, bodies are often procured 
in regular symmetrical forms, termed crystals ; and tlie procoM 
by which they are formed is called crystallisation, Cfrystak 
are generally procured in one of the following modes : — 

I. By meltmg solids, or converting them into vapour by the 
application of heat, allowing them to return slowly to the solid 
form. 

II. By slow deposition from fluids in which they have been 
dissolved. 

100. Before crystallisation can take place, the particles of 
the matter to be crystallised must have free liberty of motion^ 
and the attraction that formerly bound them in a solid maai 
being now permitted slowly to resume its force, they gradually 
attract eacn other by those extremities, sides, or angles, whieh 
determine the production of regular figures, according to the 
relations or tendencies with which they have been created by 
the Author of Nature. Heat, or the action of a solvent, is 
required in the first instance to give that freedom of motion 
which is essential to crystallisation ; and when their influence 
is slowly withdrawn, tne particles have time and opportunity 
to assume that position which develops cr3rstals. 

101. If the action of the heat, or of the solvent, be suspended ' 
suddenly, the particles resume the solid form indiscriminately^ i 
and however regular the form of each may be, still, from tbei ' 
want of a regularity in their aggregation, nothing but an^- 
amorphous mass is observed. 

102. The first portion that becomes solid in the process of*, 
cr3rstallisation, draws other particles successively to it ; thes&'<i 
do not fall indiscriminately upon each other, but attach them^'^ 
selves by one part rather than by another to those already : 
deposited, according to properties communicated to them when 
they were originally formed. The extremities of the particles 
are considered to draw to each other exactly in the same way 
as a suspended magnetic needle points to the north and south, 
while it refuses to turn in any other direction. 

103. Of late years, numerous cases have been pointed out ' 
where the form of solids has been changed, without inducing ' 
fluidity previously either by heat or other means. If the ' ' 
yellow bmoxide of mercury be toudbed by any hard substance, 
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a Creeping motion is observed amon^ its particles ; they aasnme 
a new arrangement, and the colour is changed to bright scarlet. 
In sulphur and many salts at ordinary temperatures, and in 
iron and other substances at a high temperature, similar changes 
have been observed ; and even in masses of particles merely 
mechanically mixed with each other in the first instance, a 
crystalline arrangement is often subsequently developed. 

104. In such cases, crystallisation may sometimes be attri- 
bated to the alternate action of various temperatures, such as 
oecnr in the atmosphere at the surface of the earth ; and these, 
by fovourlng expansions and contractions, give the particles 
in the smaU contiguous masses an impeifect opportunity of 
cohering together. In other cases, moisture, or an electrical 
action, nas been supposed to induce the change that takes 
plaee. 

105. The minute particles, or atoms of matter, are all con- 
sidered to have fixed and definite forms, so that, were a suffi- 
ciently powerful magnifying glass constructed, it is considered 
that these would be distinctly seen, whatever might be the 
nature of the substance examined. In all crystals a nucleus is 
observed, which is often very different firom the external form 
of the crystal. It is obvious that crystals of the same kind of 
matter may be obtained in a great variety of forms, according 
to the manner in which the particles are disposed upon each 
other, in the same manner as a builder can produce a vast 
varie^ of architectural figures with bricks of the same size 
and imape, according to the manner in which he arranges them. 
Several nundred varieties of crystals of carbonate of lime have 
been pointed out ; but if any of these be broken with a gentle 
blow, so that the different laminae may separate, innumerable 
fragments of a thomboidal form are obtained, and no other 
sihi^e is presented. 

106. A number of groups of different substances have been 
pointed out, the forms of whose particles are considered to be 
similar. They are said to be isomorphousy and when they 
combine with different portions of the same body, the forms of 
the crystals of the new compoimds are also isomorphous. 

107. Crjrstallisation is observed in all the products of the 
mio£ral kmgdom, where they have not been ground down by 
a rode mechanical force, or separated in the first instance in 
particles too minute to admit of their form being recognised. 

108. Melt 2000 grains of sulphur by applying heat cautiously. 
After placing it in a flask, then remove the heat, pour out half 
of the liquid when the other half has consolidated^ and observe 
the crystals of sulphur. 

100. Put alum mto 8 or 10 ounces of water at a\)o\\\sv^\x<^v^ 
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in a glav or enthcft Tosel, adding it m kn^ as it is &M)lt«d. 
Allow the liqaid to cool ; crrstab are depoaded. Hot liq;iddB 
diasolre more of moat sahstances than those that are cold, ftntl 
if chaiged when warm with as much of any of them as they 
can dissolTe, part is deposited on oooline. 

llOi. Expose a solution «f oxalic acid or glanber aalt to the 
air for some days on a shaUow plate ; tlw water is in part 
dowly removed,' and cnrstab appear. Bt ledndng these sab- 
stances to pow^der, and shaking tnem with water so long as any 
is disBolTcd, a solntion is tctt qnickly procured. 

111. The state of the air on some occasions has a great in- 
fluence on the ciTstallisation of salts &om wat e iy solutions. 
So well is this known to the mamifiictarer, that Hbe same 
language is in fiimiliar use in many ciTstallising establishmentB 
as is adopted by the farmer ; the workmen sometimes looldng 
forward to the condition of the atmosphere — particularly where 
many salts are in the same solution, one of which is e xp e oted 
to crystallise before the others — ^with the same anxiety, and 
taUdng of the cn^ of epsom or of glauber salts muc^ in Hie 
same way that the farmer speaks of his crops. 

112. 'The influence of the air on cr^'stallisation isbeautShfiy 
shown by heating glauber salt in a 'flask half full of Ix^ing 
water till no more is dissolved, corking the flask when the air 
has been expeUed by the steam on boiUng the solution, aso^ 
then removing it from the heat. The solution does not errs- 
tallise on cooling ; but if the cork be now removed, 'flie 
crystallisBtion commences as the air enters, extending n^idly 
tiU a solid crystalline mass is formed. The air operaites 
principally by abstracting some of the water of the sotutldn, 
and causing the precipitation of a minute crystal, from wldch 
the crystallisation proceeds till it ramifies through the wliole 
mass. When the weather is warm, and the crystallisation does 
not ensue quickly on taking out ihe cork, the introduction of 
a small crystal usually determines it immediately. 

113. Heat a tinned iron-plate before the fire, or over alaittp, 
till it is as warm as may be necessary to cause water dit^pped 
upon it to evaporate quickly with a slight hissing noise, lict 
the tin with which the iron is coated be then washed with a 
cloth well moistened with a mixture composed of water 1 
ounce, muriatic acid 1 drachm, and nitric acid 1 drachm. The 
cold fluid causes the hot tin suddenly to assume a crystdline 
form, and as the acids act upon the external particles of the 
tin, and expose those below, the crystalline arrangement is 
beautifully seen. When varnished, it retains its lustre ; tSie 
varnish may be coloured of any tint that may be required. 

114. Crystals and other solid substances which at&act mois- 
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ture from the air and become fluid, are said to deliquesce ; "those 
that lose moisture under the same circumstances, and assume 
the appearance of a powder, are said to foresee. 



CHAPTER V. 

HEAT OR CALORIC. 

115. Chemical action being affected powerfully by heat, 
l^ht, and electricity, it is necessary to attend to their influence 
b^ore entering upon the history of individual substances. All 
the efi^ects commonly attributed to heat, are produced by its 
entering and attaching itoelf to the substance afl^ected, while 
those wnich are said to be caused by cold, arise in reality from 
a portion of heat leaving those substances with which it has 
been associated. In common language, the term heat is em- 
ployed in two ways, indicating either the sensation of warmth, 
or the cause of that sensation and of such other eflbcts as are 
attributed to it. The term caloric was introduced to signify 
the matter or power of heat alone. 

116. No agent is more universal in its influence on matter 
than caloric. There is nothing in this globe that we can see or 
touch that does not contain it. Were caloric withdrawn en- 
tirely from matter, it is impossible to conjecture what appear- 
ance it would present, but even with a more moderate reduction 
in its amount, the whole ocean would be changed into ice, and 
universal death would ensue both in the animal and vegetable 
kingdoms. On the other hand, were its intensity greatly in- 
creased, destruction would equally attend animal and vegetable 
life, the whole ocean might be dissipated in vapour, and even 
the solid matters that compose the earth might be volatilised 
by its powerful agency. There is nothing, however, whose 
precise relation to the minute particles or atoms that compose 
masses of matter is more imperfectly understood ; and whether 
it pass from the sun to the earth, from the open fire to the 
human frame, from the furnace of intense heat to the materials 
Tised in the operations of art, or be developed in a more subtle 
form by the various changes in matter that accompany a living 
9ctxou m the bodies of animals or in plants, still no clue has 
been obtained as to the manner in which it is associated with 
tiieir minute particles. 

117. Caloric not only induces a vast variety of modi^coivsra* 
in the properties of individual substances, accoT^m^\.o>(Js!ife\^<^ 
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portions in which it is communicated to them, bnt is also dis- 
tinguished by certain general effects which it produces, more 
especially ea^rution, iiquefactiony vaporUation, evaponUian^ and 
incandescence, 

118. No one has been able to collect heat and show it by 
itself ; it is invisible, has no appreciable weight, and sooner or 
later it can penetrate every tiling with which it may be sur- 
rounded. It is knoMm only by its effects, and is considered a 
peculiar fluid, easily thrown into vibratory movements. 

119. Heat tends always to pass from the hotter to the colder 
substance, till both bodies acquire the same condition in this 
respect, when they are said to attain an equilUfrium of tempe- 
rature. 

120. The temperature of any substance indicates its dispo- 
sition to communicate heat to, or remove it from, tuiy standard 
of comparison ; if the temperature of the body be taken as a 
standard of comparison, those substances at a higher tempera- 
ture communicate heat to it, while those at a lower temperature 
remove heat from it. 

EFFECTS OF HEAT. 

121. Expansion. — Bodies, with few exceptions, are expanded 
by heat ; gases expand most, liquids come next, and solids last 
of all. When heated from 32° to 212°, air expands 3-8ths of its 
volume, alcohol l-9th, water l-22d, and hammered iron l-27dd. 

122. Measure the length of a cold iron rod or bar ; boat it 
to redness, and it will be found longer. 

123. Fill a long narrow-necked flask nearly full of alcohol, 
and put it into boiling water ; the alcohol as it expands rises 
in the neck of the flask. 

124. Pour boiling water upon the same flask full of air, after 
inverting it in water (it may be sup- f»8- 3- 
ported or steadied in this position by a 
ring of the retort stand) ; part of the 
expanded air is expelled ; and water is 
forced back by the pressure of the air 
to supply its place, when it again be- 
comes cold. 

125. Exceptions. — Water contracts 
as it is heated from 32°to39i°. Many «. 
solids contract as they are melted by ^T^" 
heat, expanding again as they become 
solid — as ice, iron, antimony, bismuth, and many salts. 

126. The communication of heat causes expansion to take 
place with great force ; iron-bars, for instance, often cause rents 
m furnaces as they expand. A tough solid, such as iron, con- 
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tracts with great force on cooling. Water, and other melted 
solids, expand with great power as they become solid, bursting 
the vessels containing them when they are not allowed to 
escape in part by any aperture. A phial full of water, and 
corked tiditly, bursts as it is £rozen. 

127. The common '^ thermometer'* contains a fluid which 
iddicates the communication of heat, by expanding Fig. 4. 
and rising in the stem, and the removal of heat (cold) 
by contracting and descending. Thermometers are 
graduated, and made to correspond with each other by 
observing the different points to which the fluid rises 
in freezing water and in boiling water ; the space be- 
tween these is in this country usually divided mto 180 
parts, 32 being placed opposite the point where the 
water freezes, and 212 opposite the point where the 
fluid stands when the water boils. Similar spaces are 
marked off upon the stem above and below these 
points, and numbered accordingly. It was at one time 
imagined that the greatest cold could make the fluid 
fall only 32 such spaces below the freezing-point, the 
place to which it tnen fell being termed zero, and the 
notation commencing there. But much greater de- 
grees of cold exist at different parts of the globe in 
winter, and may be produced artificially, so that the 
fluid in the stem of the thermometer often descends 
below that point, and is then said to be at so many 
degrees below zero. Thus, 62 degrees below the freez- 
ing-point, or 20 degrees below zero, is usually writ- 
ten — 20°. 

128. Liquefaction. — Heat is considered to be the 
cause of liquefaction, melting all solids which it does 
not previously decompose. When any solid melts, 
much heat is required to effect this change in its form 
after it arrives at the melting-point. Pour some boil- 
ing water upon ice at 32 degrees ; the ice melts rapidly, 
but the water produced is no warmer than the ice ; 
the heat is consumed in melting the ice, and is said to 
become latent, as it does not affect the thermometer. 
Pour boiling water upon ice-cold water, and the temperature 
is Immediately increased. 

129. When a fluid becomes solid, it gives out without cool- 
ing the heat which had rendered it fluid ; the change proceeds 
8k>wly, as so large a Quantity of heat must be withdrawn. As 
much heat is required to melt ice as would raise the temi^^r^ 
ture of an e^ual weight of ice-cold water \)y\^ ^«^^^&\ *S^ 
melts, accordingly with extreme slowness. vJ«t^ tiq V^»^^*^ 
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become latent as snow and ice melt, they would lianefy with 
great rapidity, and produce inundations that would in many 
places be altogether destructive of animal and vegetable life. 



CHAPTER VI. 

VAPORISATION. — SPONTANEOUS EVAPORATION, &C. 

130. The term vapour is applied chemically to all thin, 
attenuated, and gaseous substances, such as can be formed by 
the action of heat on solids and liquids, and can be restored 
again to the liquid or solid form by withdrawing the heal; 
communicated to them. 

131. G€i8 is a term applied to matters such as air, equally 
thin and attenuated as vapours, but not met with in a con- 
densed form under ordinary circumstances, and not capable of 
being reduced to the liquid or solid form, except by such in- 
tense cold or extreme pressure, that only part of them have as 

• yet been brought to these conditions. They are considered as 
vapours requiring a temperature for condensation so low that 
many have never yet been seen in the liquid form. The air 
we breathe is thus considered to bear the same relation to a 
peculiar liquid and solid not yet discovered, that steam does to 
water and ice. It is the steam of a solid that no one has yet 
seen, but which even at ordinary temperatures is far beyond 
the point at which, were it previously liquefied, it would boil 
and disappear in vapour. Sulphurous acid gas may be lique- 
fied by a very moderate cold, namely, 14 degrees of Fahren* 
heit. The most interesting experiments on the liquefaction of 
gases have been made with the carbonic acid gas. When large 
quantities of the liquefied gas are allowed to escape from aa 
appropriate apparatus, intense cold is produced, and one por- 
tion is frozen by the cold developed as the other evaporates. 
The frozen caAonic acid is a white solid as light as snow. 
Though reduced to a temperature of — 180^, it may be put 
into tne mouth without injury, producing a very peculiar sen- 
sation, as it has the sharpness of ginger-beer, without moisture 
or any peculiar flavour, feels perfectly dry, and passes at once 
fr^m the solid to the gaseous form. Were it capable of ab- 
stracting heat more perfectly, as mercury or other metals, it 
could not be brought near the skin or mouth without injury. 

132. There are a number of gases, all differing more or less 
from each other, in the same manner as different solids or 
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liquids ; and, accoFdlng to the opinion now universally enter- 
tained, they may be regarded as solids which have been melted, 
evaporated, and heated beyond their boiling-point. 

133. The temperature at which different liquids boil is very 
various, as well as the density of the vapour, and the amount 
of heat required to produce it ; water, however, may be taken 
as an example to ilmstrate the general nature of the process of 
vaporisation. 

134. Vaporisation signifies the rapid production of a thin 
vapour, as when water is boiled and produces steam. 

135. Water boils at 212 degrees, and does not become warmer 
as it boils, the heat applied being consumed in producing a 
change of form. Hence, it is not economical to boil any sub- 
stance quickly which may only require exposure to a boiling 
temperature, as all the heat that may be consumed in produc- 
ing the vapour must cause an unnecessary expenditure of fuel. 

136. Put a thermometer into water, mark where the fluid 
stands in the stem as the water boils, and observe that it rises 
no higher, however long the boiling may be continued. 

137. As much heat is required to produce steam from boil- 
ing water, as would elevate the temperature of an equal weight 
of boiling water by 1000 degrees,* were it still to remain fluid. ' 
Steam, though it contains so much heat, is always at the same 
temperature as the water finom which it rises, the caloric that 
produces it being engaged as it were in sustaining the change 
of form induced in the water, without being able to produce 
any increase in the temperature. The heat that produces the 
steam is said to become latent as in the liquefaction of solids. 

138. Steam is transparent, colourless, and invisible, like the 
air. The white cloudy-looking matter usually called steam, is 
moisture produced by the condensation of steam. Steam occu- 
pies 1696 times as much space as an equal weight of water, and 
as it expands with great force, it often bursts and destrovs ves- 
sels in which it is confined. When the power with which it 
expands is carefully regulated, so as to produce motion in ma- 
chinery, it forms the most powerful engine man has invented, 
namely, the steam-engine. 

139. When steam is exposed to cold, it condenses into 
water, giving out all the heat by which it was produced ; and 
hence the large amount of heat it may be made to convey, and 
the severe bum it produces when condensed on any part of the 
body. 

140. Boil a small quantity of water in the flask represented 

* Different estixnAtee have been given of the precise amount of heat that beoomeft 
latent during yaporiaation, some exceeding and otheiaY^Vxi%\eia&\Xkasw>iQ!&wcEii»asX 
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in fig. 3 ; put in a cork when tlie air is expelled, and open tibe 
flask cautiously under water; the steam, which preyiouedy 
nearly filled the flask, being suddenly condensed, the pressure 
of the air forces up water to supply its place. 

141. Water boils at a lower temperature than 212 degrees, 
when the air is not allowed to press upon it; flll the flask 
already alluded to (fig. 3) one-half full of water, boil it 
briskly, and cork it while the steam is escaping, removing the 
heat immediately. The cold air condenses the steam, the cork 
prevents the air from entering, and the water thus relieved from 
pressure begins to boil, the heat already in it being sufficient 
for that purpose. Put the flask into cola water ; the ebuUitioQ 
then increases, the steam being still more effectually condensed. 
Put the flask into boiling water, the steam being no longer 
condensed presses upon the water, and prevents it m>m boiling. 

142. If steam be not allowed to escape, and heat be conti- 
nually applied by the fire, a higher and higher temperature is 
required to make the water boil, and the steam formed acquires 
more and more power, each successive portion compressing 
much of what had been already formed. It is then callea 
high-pressure steam, as it presses upon the sides of the boiler 
with great force. Boilers in whicn such steam is produced 
ought always to be provided with valves which the steam can 
push open, and by which it may escape before it becomes strong 
enough to burst the boiler. 

143. It is a curious circumstance that steam always contains 
the same amount of heat, whatever be the temperature at which 
it is formed ; the latent heat required for its production beinff 
less and less as the temperature at which it is formed is increased 
by preventing its escape. 

144. The greater the pressure to which water or any other 
liquid may be exposed, the more elevated is the temperature 
required to produce, vapour, the more dense is the vapout 
formed, and the greater is its explosive or moving power. 

145. Fist. 5 is a section of part of a boiler where the safety- 
valve is placed, the valve bemg loaded with a weight which 
the steam can raise before it acquires strength to burst the 
boiler. In examining the construction of boilers, the difl^erent 
parts noted in fig. 6 should be attended to : a, 6, the body of 
the boiler, filled with water and steam ; c, a pipe by which 
water is forced into the boiler ; d, the steam-pipe ; e, a glass 
tube or gauge placed so that the steam and water can enter 
freely into it, tne water being always at the same height in it 
as in the interior of the boiler ; fy g, two pipes placed so that 
the quantity of water in tlie boiler may be ascertained, when 
the glass tube is not used ; if water come from both, on open- 
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ing the stopcocka, and when there is abundante of steam in 

ttie interior of the boiler, there is too murh water, and if steam 

be disengaged &om both, then there is too little; the'boiler 

Fig. e. FtK. B. 




Edionld be charged so that one gives steam and the other water, 
the level of the water in the boiler being between the extre- 
mities of the tubes within the boiler ; m, a thermometer, indi- 
catea the temperature in an iron tube containing mercury. 

146. Distillation consists in the production of Tapour by heat, 
which is afterwards condensed, Fis- 7. 

The vessel in which the vapour is 
produced is called a retort ; that ia 
which the condensed vapour is col- 
lected must be kept cold, surround- 
ing it with a cloth, and moistening 
it with water ; it is termed a re- 



^(S?^^ 



introduced into a vessel called a «(i// (fig. 8), the pipe from it 
iMtding to a ve»el termed the Tefrigeratory, as it is filled with 
cold water ; the vapour is condensed in the coiled pipe, or 
worm, as it is often called, and escapes through it into a receiver 
fdaced below it. 

148 BfvuittnMut evaporation is the term iirau^^ ^^^.:?j^ 
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when vapour is produced slowly from a fluid, and Mathoiit 

ebullition, as when water disappears from any moist surfaee. 

Water evaporates in large ouan- Fig. a 

tity from the surface of the 

ocean, and from the eai-th also, 

eventually producing the clouds, 

or condensing in the form ofi 

rain and dew. Snow is formed 

when the vapour is frozen at 

once, and hail when rain is first 

Produced, and then congealed 
y the cold. 

149. Evaporation is always 
accompanied by the production 
of cola, when no heat is directly 
applied ; the heat necessary for 
the production of the vapour is then derived from surroimding 
objects, and from part of the liquor evaporated. 

150. Pour some ether, or any other volatUe fluid, on the back 
of the hand ; great cold is perceived as it evaporates. If we 
blow upon it, the vapour resting on the surface is rapidly re*, 
moved, evaporation proceeds more quickly, and a more intense 
degree of cold is produced. 

151. Evaporation proceeds more and more quickly the higher 
the temperature ; the greater the extent over which the eva- 
porating fluid is spread, the less the pressure of the air, and the 
nearer the evaporating substance approaches the boiling point. 
At the summit of high mountains, where the pressure of the 
air is less than at the surface of the earth, water boils at a lower 
temperature than 212 degrees ; it is there above a large portion 
of the air which presses upon the surface of less elevated - 
regions. 

152. A current of air, when not loaded with moisture, pro* 
motes evaporation ; hence the rapidity with which a wet saiv 
face generally dries on a windy day, the vapour resting wpoik 
it bemg puslied away, and a new portion rapidly formed. 

153. Moisture is separated from the air in which it is dlfi\Ised)^ 
bv a reduction of temperature. Sometimes it forms innumeiV' 
able small vesicles ; the mode of their production is not known^^- 
When they are associated together in large quantities, they- 
produce clouds. The water evaporated from the surface of the' 
ocean, &c., being purified from the materials with which it 
may have been mixed at the surface of the earth, and falling 
down afterwards in the form of rain, hail, snow, dew, or hoar-« 
frost, becomes fitted for the various purposes for which it is so 
necessary in the animal and vegetable kmgdoms. 
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154. Instruments for detennining the amount of moisture in 
the air have been invented ; they are usually termed hygro- 
meters. 

155. The nearer the equator, the greater the annual &11 of 
rain, and the less the number of rainy days. At Granada, 12 
north lat., the rain which falls annually would cover the sur- 
face to iJie depth of 126 inches, were it all to be deposited at 
the same time. In this country, it is calculated that the annual 
&11 of rain would, on an average, cover the surface to the depth 
of 32 inches. 



SXOSUIC AND ENDOSMIC MOVEMENTS. — DIPFTJSION OF GASES. 

156. All bodies brought into close contact generally produce 

A mechanical intermixture, 
A mechanical adhesion, or 
A chemical imion. 

157. One of the most important kinds of intermixture hitherto 
noticed, is that which takes places in fluids of different qualities 
approximated to each other so as to come into actual contact 
when they begin to act, if they have any chemical attraction 
for each other, even if membrane or any porous substance be 
interposed, provided it be moistened with one of them. A 
variety of circumstances determine the currents, more particu- 
Iwly the permeability of the interposed fibre, membrane, or 
porous cup, the movement taking place most largely from the 
liquid to which the porous structure is most permeable. 

158. The movement produced in this manner appears to de- 
pend principally upon the attraction exerted between the par- 
ticles of the different fluids employed, as they meet in the 
porous membrane. When the movement proceeds from the 
mterior of any cavity, it is termed exosmosis. But the move- 
ment of the otner fluid inwards is termed endosmosis ; a portion 
of one always enters as a part of the other presses outwards. 

159. The diffusion of gases is an action similar in some re- 
spects, but very different in others. It consists in the gradual 
istennixture of gases, in a proportion bearing a relation to 
their specific gravity, when they are placed in communication 
vnih each other. This operation, as in the case of fluids, often 
takes place with great force, the vessels bursting where the 
action advances most rapidly ; they are made of bladder or 
similar materials. Diffusion takes place not only through 
porous and membranous solids, but may be often observed in 
situations where water is completely retained, as through a 
cracked glass, or through a tube of glasa Viovm^ >i)Ev^ ^^X'^^vx^v^.^ 
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filled with plaster of Paris, air passing freely through these in 
many cases when water cannot pass. 

160. To illustrate the diffusion of gases, procure a glass tube 
12 or 18 inches long, and half an inch or an inch in diameter. 
Obstruct one end with a plug of plaster of Paris about half an 
inch thick ; fill it with hydrogen gas by means of a long nar- 
row tube, through which the hydrogen is introduced from a 
bag or gasometer, holding the tube perpendicularly with the 
plugged extremity uppermost. On withdrawing tne internal 
tube, and placing the open extremity of the other under watM*, 
the hydrogen begins to escape so quickly by diffusion from the 
plugged extremity of the tube through the plaster of Paris, 
that the pressure of the atmosphere forces the water up to the 
height of several inches to supply its place ; after a time, how- 
ever, a proportionate quantity of air enters, and the water 
regains its original level. 

161. The diffusion of gases may also be illustrated in a 
very simple manner, by taking a bottle filled pre- Yig. a 
viously with hydrogen gas, and another with car- 
bonic acid gas, connecting them together, as repre- 
sented in the figure, and inverting the bottle with 
the hydrogen over the other contaming the carbom'c 
acid. Notwithstanding the lightness of hydrogen, 
and the heaviness of carbonic acid gas, still, from 
the operation of the diffusive power which has been 
described, part of the light hydrogen descends into 
the lower bottle containing the carbonic acid, while, 
at the same time, a corresponding portion of heavy 
carbonic acid .ascends and mixes with the hydrogen 
in the upper bottle. 

162. INCANDBSCENCE. — ^All solids and fluids which 
are not converted into vapour at a less elevated tem- 
perature, become luminous when heated to 800 
degrees in the dark, or when heated to about 1000 
degrees in daylight. A red light appears at first, 
and gradually passes to a white as the temperature 
increases. This is observed equally in combustible solids, as 
charcoal, and in stony or other matters which do not bum ; 
they are then said to be in a state of ignition when they are 
red hot, and incandescent when they are at a white heat. 
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CHAPTER VII. 

COlOnTiaCATION OF HEAT. 

168. Caloric is communicated by conduction and radiation. 

164. When caloric passes slowly firom one portion of matter 

to another in contact with it, it is said to be conducted, and the 

' process is termed the conduction of caloric, Metals are the best 

conductors^ then liquids, and lastly gases. Gold, silver, and 

oopper, are the best conductors amon? solids ; glass, bricks, and 

. many stony substances, are very bad conductors ; and porous 

spongy solids, as charcoal, hair, and fur, are the worst. 

16i5. Put one end of an iron rod in the fire ; the heat soon 
passes to it, and along its particles to some distance from the 
nre. Put a glass tube, or piece of wood of the same size as the 
iron, into the same part of the fire ; the heat extends a very 
little way beyond the part touching the fire^ both these sub- 
stances being bad conductors. 

166. Many of the more familiar phenomena of nature and of 
art depend upon the conducting power of different bodies. 
Thus, iron and cotton, if cooled to the same temperature below 
that of the body, do not affect it equally when applied to it ; 
the iron produces the strongest impression, as it conducts the 
heat most rapidly away. Again, if they be raised to a high 
temperature, the iron still produces tlie strongest sensation, 
communicating heat most rapidly. In short, the good conductor 
always produces the greatest effect, either by communicating 
heat more freely than the cotton or by removing it. 

167* Clothing is generally made of bad conductors, that the 
heat of the body may not be conducted quickly to the sur- 
rounding air. Furnaces, where great heat is required, are built 
with porous bricks, which are very effectual in preventing the 
escape of heat ; but when a stove is placed in the middle of any 
apartment, the fuel is surrounded with iron, that the heat mav 
be quickly conducted to the air. The ice in an ice-house is 
surrounded with bad conductors^ to pi*event warm air coming 
in contact with it, or transmitting heat to it. 

168. When heat is applied to the upper portion of any liquid, 
expansion generally ensues, and it becomes lighter than the 
rest ; it remains, therefore, resting upon the colder and heavier 
part. This may be easily shown by boiling the upper portion 
of water in a long glass tube, applying heat by a spirit-lamp. 
If the heat be applied near the bottom of the tube, ng. 10, tne 
colder portion from above soon sinks below the hot exnanded 
fluid, and pushes it up^ so that currenlB axe eoii\Aii\xsiS^ "^"k^- 
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ducet), till the whole fluM ia heated to the same point. If the 
wiAdT at the bottom of each tube be coloared, that in fig. 10 ia 

Hg. 10. Pig. 11. 





I. If heat he applied to a gUai veasel containing water, M 
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i^resented in tg, 12, the water in contact with the warm slass 
expands, the colder water in the centre deecending and pnHhing 
Up the wann water at the sides. 

170. If water be placed in a glass tube bent in the manner 
represented in fig. 13, and the water at the extremities be con- 
nected bv another smaller and similar tube, then, on applying 
heat to tie lower part of one of the limbs, the water begins to 
move in the manner shown by the arrows. The colder and 
compsratiTely denser and unezpanded water in the one limb, 
descends and poshes up the warmer water in the other limb, 
asanming the place of the bo^water. Subsequently, it becomes 
heated in its tnm, and thna the circnlatton is continued so long 
as any inequality of temperature is Hustained. 

171. On the same principle, boilers are now constructed 
which convey heat bma the fire to which they are exposed 
through tub^ or iron cases to the air of different apartments, 
diffusiDK a gentle and equal warmth or a sharper heat, accord- 
ing to their structure and the amonnt of heat to which they 
are subjected. 

172. Such apparatus may be obtained of two kinds ; the first, 
according to Mr Price's patent, never Fig. u. 
heata the air in contact with it above 
212 degrees. In the other, introduced 
by Mr Perkins, the water can be 
heated to a much higher temperature, 
in cases where this may be considered 
desirable. The annexed figure illus- 
trates the ^nerel arrangements adopt- 
ed accordmg to his system. It consists 
merely of a series of coils of tube, part 
of which are placed where the water 
is to receive heat, and the reel where 
the heat is to be evolved, a repre- 
sents a pipe for introducing water, 
and b an expanded portion of tube, 
intended to contain any excess of 
water when expanded by the heat. 

173. Similar movements take place 
in the air. — See the section upon Car- 
bon, where iUnstrations are given of 



a light. 




:s with great 
t the surface 
of the earth, moving through space, or throuj!, 
believed in this case to move with the same velocity ai 
namely, 192,000 miles in a second. Caloric u 
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from warm bodies that are not luminous, as from the hand, or^ 
from hot water. 

175. Radiant caloric is absorbed when it falls upon bodies 
having painted or rough surfaces, such as are presented by 
bricks and other porous solids, by many kinds of stony matter, 
and numerous animal and v^table substances, and elevates 
their temperature as it is taken up. But brilliant and polished 
metallic surfaces absorb little heat ; they reflect or turn it back 
again. 

176. Take a piece of common tin-plate, and place it before 
the fire, it reflects most of the radiant heat, and becomes warmer 
with extreme slowness. Make the surface rough with a file ^ 
or sand-paper, cover it with lamp-black, or black paint ; it now 
absorbs neat quickly when exposed to the fire, and soon becomes 
warm. 

177. Those bodies which are most powerful in receiving ra- 
diant heat when it falls upon them, are equally powerful hi 
emitting it when they are warmer than surroundmg objects. 
Thus, a vessel with not water, having a rough, porous, or 
painted surface, cools much more quickly than when the sur- 
face is brilliantly metallic. 

178. All bodies at the surface of the earth lose heat by radia- 
tion in a clear evening ; they radiate more or less heat accorrl- 
ing to the nature of the surface ; those that radiate most 
become colder than the others, and on these more dew or hoar- 
frost is deposited, the air coming in contact with them being 
cooled to the greatest degree, and unable, therefore, to retain 
all the moisture previously associated with it. The green 
leaves of vegetables are powerful in radiating heat, and are 
accordingly covered with the dew during the night, which is 
so necessary for plants when therfe is no rain, 

179. In a cloudy night, as heat does not escape by radiation 
from the surface of the earth, the temperature never falls so 
much as in a cloudless sky. 



CHAPTER VIII. 



DISTRIBUTION OF CALORIC. 



180. Caloric is unequally distributed over the globe. At the 
equator the average temperature is 82^ degrees ; at the poles 
it is believed to be about 13 degrees below zero. The higher 
we ascend in the air, the colder it becomes ; the sum mite of 
very high mountains are always covered with snow. The 
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interior of the earth is generally believed to be at a very ele- 
vated temperature ; many consider the numerous volcanoes 
that appear at its surface to arise from a central fire. 

181. Caloric tending always to an equilibrium, the heat at 
the warmer portions of the surfEtce of the globe is carried in 
part to those that are colder by currents in the air and in the 
ocean, so that the extreme severity, both of heat and cold, is 
thus mitkated. 

182. The amount of caloric is not the same, even in equal 
weights of difiPerent bodies at the same temperature ; as a wide 
jar requires more liquid to fill it to a certain height than is 
necessary to fill a narrow jar to the same height, so, many 
different bodies require more heat than others to elevate their 
temperature to a fixed point. Take a small jug of boiling 
water, and mix it with an equal bulk of cold water, previously 
placed in a flask or basin, and examine the temperature with 
a ^ermometer. Then mix equal bulks of boiling water and 
cold oil in another vessel, and the temperature of the mixture 
will be greater than before ; the heat which the boiling water 
loseSy elevating the temperature of the oil by a greater number 
of degrees than an equal bulk of cold water. 

183. Production of High Temperatures. — Heat is deve- 
loped principally by burning inflammable substances.— -(See 
Ajt and Carbon). It may also be excited by mechanical action 
and by electricity. A most intense heat is produced when the 
niys of the sun are collected by a burning-glass, which bends 
the heat passing through it in such a maimer that much of it 
&lls upon one point. 

184. Hammer a piece of iron on an anvil, it soon becomes 
veiy wann. Rub a thin piece of phosphorus, not greater than 
a quarter of a grain, with a piece of glass ; after placing it in 
paper, it soon inflames when exposed to the air. 

185. Production of Low Temperatures. — hy placing vola- 
tile fluids where they evaporate rapidly, as in a current of air, 
considerable cold is produced. Pour any volatile fluid on the 
hand, and blow upon it ; it evaporates with great rapidity, pro- 
dueing cold as the vapour formed removes heat from the hand. 
(See Vaporisation and Spontaneous Evaporation.) 

186. Again, solids which are rendered fluid without the ap- 
plication of heat, become very cold. Mix two parts of snow or 
pounded ice with one of salt ; the mixture soon becomes fluid, 
and the temperature falls 41 degrees below the freezing-point 
of water, if large quantities be used, and tlie snow and salt be 
in a minute state of division. 

187* Mix 16 ounces of water with 5 of nitre and 5 of sal- 
ammoniac in fine powder i the teipperature falla q\^\>X. AS^ 
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degrees as the salts dissolve in the water. Boil off the water, 
and collect the dry salts, which may be used again and again 
for the same purpose. 



CHAPTER IX. 



LIGHT. 



188. Light is intimately associated with heat, and appears in 
all solids and liquids that are intensely heated. It can also be 
separated from the particles of numerous bodies when they 
enter into new combinations, or are liberated from those of 
which they may have previously formed a part. 

189. Ordinary white light is considered cftpable of being di- 
vided into two parts or pencils, each composed of white light, 
and these, when separated, are said to constitute polarised light. 
The separation may be effected by certain minerals, or by 
allowing light to fall upon different substances at a particular 
angle, when one of these parts or pencils is transmitted, while 
the other is reflected. 

190. Newton considered that white light consisted of seven 
different species of coloured light combined together, namely, 
red, orange, yellow, green, blue, indigo, and violet. It is the 
more general opinion now, however, that white light is com- 
posed of three varieties of coloured light, namely, red, yellow, 
and blue, as all other tints can be produce<t by them. 

191. The influence of h'ght upon chemical action is not so 
well understood as that of heat ; nevertheless, there are nume- 
rous instances in which it produces a very marked and striking 
effect. 

192. The daguerreotype affords perhaps the most interesting 
illustration that has yet been pointed out. There, plates of 
silver, acted on previously by the vapour of iodine, are placed 
so as to be exposed to the rays of light emanating from any 
object of which a sketch is desired. As these rays rest upon 
the iodine and silver, they so affect the chemical relation and 
position of the minute particles, that a new arrangement be- 
comes visible after subjecting the plates to the vapour of mer-' 
cury. The rays of light, therefore, may be said to have traced 
the outline of the image from which they came as they rested 
upon the plate. A solution of hyposulphite of soda is then 
poured over the plate, which precludes farther change. 

193. Again, the action of light may be beautifully seen in 
experimenting with photogenic paper. This paper may be pre- 
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pared by moistening common writing paper with a very weak 
solution of nitrate of diver, or of bichromate of potassa, exclud- 
ing it very carefiilly from the light except when it is in use. 
On exposmg it to the sun, or to the bright light of day, the 
paper is darkened, and if any part shall have been covered by 
a \ea£j a flower, or any other object, the portion of paper below 
it remains unchangea, presentmg the outline required, while 
sUl other parts are darkened, fiy washing the paper subse- 
quently with water, a solution of hyposulphite of soda, or some 
other chemical preparation, accordmg to the nature oi the ma- 
terial used, no faither change can ensue, and the sketch or 
outline is at length fixed on the paper. 

1^4. The action of light is also conspicuous in its influence 
both on plants and animals. Exclusion from the rays of the 
sun leads to a pallid complexion, indicating a low state of vita- 
lity. In the vegetable kmgdom, plants placed in a dark situa- 
tion send out shoots to any opening where light can enter. 

Id5. Clothing of difierent colours has long been noticed to 
attract odorous matters with different degrees of force. The 
darker tiie tint the greater the power of attraction, and the 
longer is the odorous matter retamed. 

196. On the human frame the precise nature of the action 
6f light has hitherto engaged comparatively little attention ; 
but its efiects are admitted to be of ^eat importance, however 
difficult it may be to trace its mode of operation ; and if, in the 
daguerreotype, it is observed to afiect so greatly the particles of 
dead matter taken from the mineral kingdom, it may be pre- 
sumed to exert a still more important influence on the body, 
where the vitality of the materials renders them much more 
amenable to the influence of external agents. 



CHAPTER X. 



ELECTBICITY. 



197. All bodies present a very peculiar series of properties 
when placed under particular circumstances, and these have 
generally been ascribed to the presence of a very subtle fluid, 
which has been termed decirioity or the electric fluid. Various 
opinions are entertained as to the nature of this fluid, but no- 
tniii^ precise is known, except many of the efiects it can pro- 
duce on matter. Thunder and lightning are produced by the 
movements of electricity, such as may oe experimented with 
on tlie small scale in usmg the common electT\ca\ \£k&OcC\Txft. 

D 
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198. Electricity, like heat, is in itself inyisible, thonfi^h ofien 
accompanied both by heat and light. It exists in all kinds of 
matter, and does not present, under ordinary circumstanco^ 
any manifest indications of its presence. But whea any body 
acquires a larger proportional snare than surrounding objeet% 
Thatever may be the cause, immediately electricity begins to 
pass from it to the others, this change going on till any excess 
is divided between them, and an equiliorium established. 
During this interchange, rarious phenomena may be observed, 
more particularly new powers of attraction or repulsion in the 
substances used, which at the moment are capable of attracting 
or repelling such matters as may be placed near them, if they 
are not too heavy. On the small scale, a spark is generally 
seen at the same time ; on the large scale, in the phenomena 
of nature, the electric power either is or causes lightning as 
it passes from the clouds to the earth, from the earth to the 
clouds, or from one cloud to another. A very intimate con- 
nexion has also been discovered to subrist between electricity 
and magnetism ; magnetism can indeed be produced in iron by 
electrical operations, and map^etic instruments are equally 
capable of producing an electric spark. 

199. Bodies having more than their usual share of electri- 
city, are said to be positively electrified; those that have less, 
are said to be negatively electrified, 

200. Electric conductors are bodies through which electricity 
is conveyed with comparative facility and rapidity; amone 
these, metallic substances are the most powerful, and through 
them, notwithstanding the solidity of their texture, it appears 
to move with the rapidity of lightning. Charcoal, acids, water 
containing salts in solution, and most animal substances^ come 
next in order. 

201. The lightning-rod^ so much employed in defending build- 
ings from the injurious effects of lightning, affords a good illus- 
tration of the application of conductors to practical purposes. 
The pointed extremity of the rod is freely exposed above the 
highest part of the building, as is seen in the accompanying 
figure, and any of the lightnmg communicated to it, is conveyed 
away by the metallic rod which is led into the ground below. 
This rod ought not to terminate in a dry non-conducting body, 
but be conveyed if possible to moist earth or to a well, so iliat 
the electricity may be at once discharged into a good conducUng 
medium. 

202. In ships, the metallic conductors are usually fixed to 
the mast head, and continued down to the copper sheathing m 
contact with the water, where they terminate. 

203. Non-conductors are bodies which have comparatively so 
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Very feeble a conducting power, that they resist the movement 
of ^ectricity throngh their particles, or at least onlpr transmit 
fC with sncn extreme slowness, that they are familiariy em- 
ployed to prevent its transmission. Glass, sulphur, resins, dry 
tir, wood, paper, hair, silk, and feathers, are all non-conductors. 



Fig, 15. 




20^ The electric circuit is the course that electricity takes 
in passing from one body to another. It is said to be broken^ or 
interrupMy when the progress of the electricity is arrested or 
retiffdeid by separating at any point the conducting materials 
through wnich it passes, or by interposing any non-conductor 
between their extremities where the continuity is broken. 

205. A body is said to be insulated when it is placed on a 
non-conductor, so that it can neither give electricity with faci- 
lity to external objects, nor receive it from them. 

206. When any body electrically excited la opi^oaft^ \/(^ «sw-- 
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other in its natural state, the latter assumes an electric condi- 
tion, exactly opposite to that of the first to which it is opposed. 

207. Changes of this kind, effected merely by proximity to 
an excited body, are called cases of the induction of ekctrieify, 
and the electricity is said to be induced. Hence a body, pre- 
senting no electrical phenomena, and without any chimge in 
the amount of electricity in it, may, in a moment by a mere 
change in the distribution of the electricity it contains, caused 
by the approximation of any body electncally excited, have 
the arrangement of the electricity m it so altered as to become 
positively electrical at one extremity, and negatively electrical 
at the other. 

208. In the common electrical machine, electricity Is deve- 
loped by the friction of a hair-cushion covered with an amalgam, 
which affects the air chemically, as the cushion presses upon a 
glass cylinder or plate which is made to revolve rapidly. The 
electricity becomes accumulated in the glass ; small and pointed 
meiallic wires attract it and convey it from the revolving glass 
to a large metallic vessel, insulated by being placed on a non- 
conductor. Were it placed on a conductor, the electricity 
would be restored to the ground as fast as it might be trans- 
mitted to the prime conductor. The hair-cushion must be con- 
nected with the ground by a good conductor, that fresh electri- 
city may be conveyed to it from the earth, as fast as it is 
withdrawn. Electricity is taken from the prime conductor by 
approaching to it the body to which it is to be applied. 

209. The Leyden jar^ named from Leyden, where it was in- 
vented, consists of a jar in which electricity can be accumulated 
in larger quantity than in the prime conductor. It is coated 
with tin-foil externally and internally, except towards the 
upper pai*t. A rod terminating with a ball passes through the 
upper part, the lower part of the rod being connected with the 
interior coating by a chain. When the ball is approached to 
the prime conductor, electricity accumulates in the interior 
coatmg of the jar, and this causes electricity to be repelled by 
induction from the exterior coating. There is, therefore, a great 
difference established between the electricity of the interior 
coating, which has more than its usual share, and that of the 
exterior coatinj?, which has less. The uncoated glass prevents 
any freedom of communication between them. If a metallic 
communication be now established between the ball and the 
external coating, electricity is conveyed rapidly through it tc 
the external surface, and an equilibrium is restored. An> 
materials silbjected to the influence of the electricity of the 
jar, must be made to form part of the circuit through which it 
passes. 
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210. Rub a large stick of eesling-wax briskly with a silk 
baodtcerchief ; electricity is produced, and light substances, as 
R feothei or a small piece of papet, are attracted by the wax. 
If the experiment be nerformed in a dark room, small sparks 
of electricity may be obaerved on approaching the finger to the 

211. Bepeatthia experiment, mingastout glass tube iDstesi^ 
of the Bealmg-wBx, 

212. For ordinwy chemical pnrposes, electricity is deve- 
loped more cosTeniently by galvamc arrangements than by 
the electrical machine. In vtwe tiie mutual action of different 
particles of matter brotwht into play, so as to produce chemical 
changti, igaccoroponiedDy the ^velopment Ota large quantity 
of electricity. 

213. Fig. 16 repteeenta one of Fig. i«. 
the most simple arrangements 
adopted for this pnrpoee. A plate 
of zinc and a plate of copper are 
imiiieiBed in an acid liquid capable 
of afiecting one of them ; the elec- 
tricity passes from the zinc to the 
ooppei tiiroagh the liquid ; the i 
drcait is established by wires con~ ' 
necting these two plates externally. 
Any matter to be affected by the 
electricity muat be placed between 
their extremities, as is represented 
in the figure. 

214. Fig. 17 shows a sectjon of a galvanic trough, in which 





fin united action of any number of pairs of plates may he 
ot^ained. 

2IS. Fig. 18 shows part of a stUI more complicated arrange- 
ment ancn as is used where the united action of a number of 
troughs is required, all of which act in i,lie ssme TOBEntBi «& M 
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iber bfed boen foDDad 
Heeled l«T mcttDk 
romMXKm with A 

other crtremirr of the 



intD QDt trong^i and properly eon- 
One extremity, m. Is rqiresented m 
pltte^ hdd below one of the metallie 
plieed upon a metallic rod resting 
and attached by ft to the 
If the plate^ c^ be applied 









succesaTely to each of the metallic kaTea^ they are disBipated 
in vapour with the eTohitkm <»f mnch heat and lu^ht. Veiy 
thin feares of 0>ld, SBlTer, copper^ and tin, shonldBe used for 
this purpose, when "a nnmlwr of troughs are connected to- 
irether^ and need stmnltaneonalyy the appasatas is termed a 
yaknnie battery. 

216. In any galranic arrangemoit, whether one or many 
troughs be used, the zinc and copper plates, whkh are arranged 
so as to compoee the cells, must be placed in one nnyaiying 
order, the zmc and copper succeeding each other alternately 
throughout the whole series. A pair of sine and copper plates 
are usuaUy soldered together, the cells being formed by the 
zinc plate of one pair and the copper plate of another. 

217. The ceUs are usually chareed with adds dfluted with 
from ten to fifty parts of water. The grei^ tibe intensity of 
action required, tbe stronrar ought the acid to be. In some 
batteries^ as in that used by Bfr Grove, where a complicated 
but rery effective action is maintained, concentrated acids are: 
employed. 

218. On a smaller scale, a very simple arranranent, usually 
termed the galvanic pile, may be made in the foUowing manner : 
— ^Procure twelve plates of copper and twelve plates of sinc^ 
place them in the order represented in fig. 19, with a pieee^* 
of cloth between each pair, tne upper and lower plates havine 
copper wires soldered to them, tipped at the extremity with 
smul wires of platinum. The plates need not be more than ; 
two or fhrod incn^ ^ diameter, and the cloth must be mot»; \ 
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tHwd with s liquid compoHed of 1 part, by measore, of Hnlpha- 
lic acid, 2 of nitric ado. Fig. ul 

and 60 of w&ter. The 
iriwU of the ^paratns ^) 
may b« placed in a small 
pl^ or basin. Some 
times each zinc plate ia 
soldered to a copper ptate , 
they can be arraDged more 
conveniently in this wa\ 
thui when separate. WitJt 
this apparatus the folio win < 
219. Place 

ih^ in solution npcai a small slip of glass or paper ; 

a solution will be sufficient Tne platinum extre- 
mities of the two wires must be dipped into tlie solution, but 
not so as to touch each other. The electricity is developiul 
as the acid fluid in the cloth acts upon the zinc, accumuiaUug 
in one of the wires and paaing to the other, the materials in 
the solution being afiected as it passes through and decomposes 




2. Iodide of potaadam, com- 

posed of iodine and potas- 
sium, mixed with a little 

3. Acetate of lead (common 

Btwarof lead). 

4. SoljAate of copper. 

0. Hydrodiloiate of tin. 



1, The acid accumulates at 

one wire, and reddens the 
paper; Ote alkali at the 
other, and turns it green. 

2. The iodine ia immediately 

separated, and ibrms a 
blue compound with the 

3, Metallic lead is deposited in 

small crystals. 

4. Metallic copper Is deposited 



a these 



IS the 



220. Fnt a teaipoonfnl of sulphate of soda into a cup, and 
dwwlre it in hot water ; poura little cabbage-blue (sse Colour- 
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ing Matter) into the solution, and put a portion into two glasses, 

connecting them, as represented in Fig. 20. 

^g. 20, by a piece of linen or cotton 

cloth, previously moistened in the '^ 

same solution. On putting one of 

the wires into each glass, the acid 

accumulates in one, turning the blue 

to a red, and the alkali in the other 

rendering it green. If the wires be 

now reversed, the acid accumulates 

eventually in the glass where the alkali appeared, while the 

alkali passes to the glass where the acid was. 

221. Moisten the fingers with the diluted acid used for the 
cloth, and hold one wire in each hand ; the electricity is felt 
feebly as it enters the fingers, and passes through the body 
&om one wire to another. With a large apparatus, the most 
violent convulsive movements, and even death, may be pro- 
duced. 

222. Electricity passes readily through metals and charcoal, 
and is attracted by all pointed objects in great quantity. Hence, 
in a thunder-storm, all elevated situations and metallic bodies 
should be avoided ; it is dangerous also to be near trees, as the 
electricity frequently passes down by them to the earth. The 
safest place in a thunder-storm is the middle of an open field, 
at a distance from all high objects ; or at home, in the middle 
of a room, away from the walls, the chimney,, and the window. 
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CHAPTER XL 



WATER AND ITS ELEMENTS. 



f 



223. Water, or oxide of hydrogen, is composed of hydrogen 
1 + o:^gen 8 ; equivalent 9. W. of 1 cubic inch, 2^2*468 
grs. For the action of heat upon it, see Liquefaction and 
vaporisation. 

224. Pure water is transparent, colourless, tasteless, and ino- 
dorous, and leaves no residuum when evaporated to dryness. 
Its compounds are termed hydrates, or aqueous combinations. 
It dissolves numerous vegetoble, animal, and mineral sub- 
stances ; and is decomposed in many cases of chemical action, 
affording oxygen or hydrogen to th3 substances which affect it. 
It also absorbs or condenses many gases, most of which are 
expelled on boiling. 

225. As a diemical agent, there are few bodies of greater 
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importance either in the great operations of nature or in the 
processes of art. In the ocean, it not only affords the medinm 
of life and activity to one portion of the animated creation, hut 
appears also to have heen an agent hy which vast changes have 
been effected, and are still earned on at the surface of the globe, 
reducing in particular g^reat and massive rocks to a minute state 
of division, and preparing them so as to form that soil which 
is so essential for the productions of the vegetable world, and 
equally necessary, from the products which it affords, in sus- 
taming animal me. Its power of solution is very remarkable, 
and many of the rocks or strata deposited from the ocean ap- 
pear to have in some cases subsided, after having been mecha- 
nically suspended in water, while in others they have been 
separated by a species of deposition or ciystallisatiOn, such as 
may be induced artificially on the small scale in numerous 
chemical processes to which water is constantly subjected. 
Again, from the immense and extended surface of the ocean, 
part of the water is continually passing into a state of vapour, 
when it is separated from the various materials with which it 
18 associated m solution ; and being thus distributed over the 
surface of the land by the movements it is subjected to as it 
travels invisibly in the air, or in the form of a cloud, is ulti- 
mately deposited, free from impurities, at the surface of the 
globe, nourishing animal and vegetable life as it falls in the 
rain or the dew-drop, while it also acts chemically upon nume- 
rous ingredients that are observed in the mineral kingdom. 

226. Pure watery for chemical purposes, is prepared by dis- 
tillation (see 146), as it is nowhere obtained absolutely pure in 
nature ; the impurities remain in the retort or still. Kain and 
snow-water are the purest natural waters ; even these must be 
boiled to expel air, when water is required absolutely pure. 

227. For ordinary purposes, water may oftea be purified to 
a certain extent without distillation by filtering it through beds 
of gravel and sand, and still more effectually by the action of 
animal charcoal, which absorbs or destroys numerous offensive 
matters that are often associated with it. Ordinary charcoal 
has a similar effect, but is much less powerful than animal 
charcoal, probably from the absence of a minute quantity of 
lime whicn the other is known to contain along with various 
salts. 

228. Some varieties of water, as the water of the Thames, 
undergoes considerable changes when kept for some time in 
casks at sea or in other situations, the animal and vegetable 
matter it retains in solution, after impurities merely mechani- 
cally suspended have been removed by filtration, producing a 
kind of fermentation when they are in a great Hi^^srakt^ \<^^\S!kr 
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posed ; the water then becomes fit for use. Iron tanks have 
oeen much used of late for holdmg water on board ships, and 
might be adopted with advantage in other situations. In them 
flOGKi water may be preserved for any length of time, if the air 
oe excluded. Leaden vessels may l>e us^ without injury for 
holding some varieties of water, when the saline matter in the 
¥rater forms an insoluble compound with the superficial par- 
ticles of the lead, adhering to it closely, and protecting it from 
further injury. But other varieties of water it is veiy dan- 
gerous to place in leaden cisterns, as they corrode the lead, and 
suspend a portion of it in a minute state of division, becoming 
then highly poisonous; the suspended lead is considered in 
general to become a carbonate, acauiring carbonic acid and 
oxygen from such waters ; and in this condition, beinff in an 
extremely minute state of division, it is suspended wiui com- 
parative facility. No water ought to be kept in leaden cisterns 
for ordinary purposes, without previously ascertaining its che- 
mical qualities and its disposition to corrode the lead. Whole 
villages have suffered severely from the effects of lead, where 
pipes of this material have been incautiously substituted for 
otners made of earthenware or wood. 

229. Spring water is not so insipid and tasteless as distilled 
water, containing portions of air, as well as saline or earthy 
matter which it may have dissolved while flowing in contact 
with various rocks and minerals. River water is similar to 
spring water, but oftener loaded with impurities. Weii water 
is still less pure. Water is said to be hard when it is so loaded 
with foreign matter that it decomposes soap, producing a curdy 
precipitate, so that it is unfit for washing, or for dissolving 
many substances in daily use. 

2d0. Mineral waters include all those which are so charoed 
with foreign matter as to acquire peculiar properties. The 
following are the principal varieties of mineral waters, and 
their properties should be studied along with the properUes of 
those substances in which they abound. These are printed ia 
italics ; and by referring to them as they are described in suc- 
ceeding chapters, the tests by which they are distinguished 
will be seen. 

I. Acidulous mineral water abounds in carbonic acid, 

ir. Sulphureous mineral water contains eulphureted hydro- 
ffftn* 

III* Fialine mineral water contains principally eoda^ /tme, or 
magneMa, united generally with sulphuric and hydrochlorie 
tniids» 

IV, Chalybeate mineral waters contain iron^ united with 
0ufphiiria or carbonic acid. 
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2dl. To acquire at once a general knowledge of the proper- 
ties of any water, the following experiments may be tried : — 

I. Eyapoiate a drop on a fiat slip of glass, holding it before 
the fire, or above a small lamp or candle. Small thin rings 
appear where the water rested, if it contained only a minute 
quantity of foreign matter ; but a crust is seen, if it be loaded 
with saline or efurthy matter ; the crust has a brownish-yellow 
tint if iron be present. All ordinary yarieties of water contain- 
ing yaiiable quantities of saline or earthy compounds in solu- 
tions^ a crust, or sediment, is always left when large quantities 
are eyaporated. In steam-engine boilers this is particuliurly 
obseryed, the crust requiring to be remoyed periodically, other- 
wise the deposition is so great that the communication of heat 
is altogether arrested through the thick mass of earthy matter 
that rests upon the bottom of the boiler. 

II. Pour some of the water into a wine glass, and add a solu- 
tion of litmus ; it is reddened if an^ acid matter be present. 

m. Mix another portion with a httle soap ; a curdy substance 
appears if it abound in earthy matter. 

232. Many waters may be purified to a great extent merely 
by boiling, when carbonic acia and sulphuretted hydrogen gases 
are at once expelled, if not retained in solution by soluble 
compounds with which they may be combined, in waters 
abounding in lime and iron dissolyed by carbonic acid, the 
most marxed efiect is produced by boiling, much of the carbo- 
nic acid being at once expelled, while the lime and iron are 
separated in combination with part of the acid in the solid form, 
the water being left altogether, or at least comparatiyely, pure. 

OXYOEN. 

233. This element is a gas. It is 16 times heavier than hy- 
drogen, and forms more than one-half of the globe, constituting 
8 tons in every 36 of air, 8 in every 9 of water, nearly a half 
of the more abundant earths, silica and alumina, besides beinff 
found in almost all vegetable and animal matters. It received 
the name of oxygen nrom Greek words, signifying to produce 
a sour substance, many of its compounds being acid. 

j^. Oixides are compounds of oxygen which are not acid. 
Oxidation signifies the union of any body with oxygen. Sub- 
stances which communicate oxygen with facility to other 
matters, are called oxidating agents; the principal are air, 
water, and acids and salts containing oxygen. Deoxidating 
agents include those substances which are powerful in remov- 
ing oxygen, as carbon, hydrogen, phosphorus, iron, and many 
other metals. 

235. Oxygen is particularly distinguished by its ^Q\<r^t ^^ 
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supporting combustion ; all inflammable substances bum bril- 
liantly in it. It is not known, however, in what manner heat 
and light are evolved, as the particles of the combustible body 
affect the particles of the oxygen, and combine with them. 
Some bodies are warm enough to take Are at natural tempera- 
tures, and are never, accordingly, observed under ordmary 
circumstances at the surface of tne earth ; but in others a very 
various degree of heat is required to produce actual combustion. 
Phosphorus takes Are at a temperature of 100 degrees, sulphur 
at^ 300 degrees, and carbon at various temperatures between 
280 de&;rees and the high temperature of a white heat, accord- 
ing as it is used in the form of a light and porous charcoal, of a 
soft or hard coke, or of the diamond, in which the close a^;gre- 
gatlon of the particles renders it very difficult of combustion. 

236. Besides that rapid combustion which is familiarly ob- 
served in a common nre, numerous inflammable substances, 
more especially phosphorus, a number of oils, charcoal, coals, 
and other substances, which can be reduced to a minute state 
of division, are prone to act slowly upon the oxygen of the air. 
This is more particularly observed if the materials used be 
accumulated in very considerable quantities, so as to expose 
an extensive surface to it by being arranged in heaps, or 
spre£id, if fluid (as when oils are used), upon cotton, tow, or 
saw-dust, so as to give a similar extensive surface, upon which 
the air can act in the various interstices, without allowing it to 
be carried too rapidly away from the different particles upon 
which it may impinge. The action of the air and the inflam- 
mable matter under such circumstances, is usually referred to 
under the title of shw combustion ; and all cases of this kind 
ought to be very carefiilly studied, as the accumulation of heat 
from this cause frequently increases to such an extent, that 
the materials ultimately burst into an active and vivid com- 
bustion. Numerous flres, both on board ship and on shore, 
particularly in manufactories where oil, tow, cotton, and ma- 
chinery are used, have been traced to this cause. Cases have been 
recorded where the materials have passed into a state of active 
combustion in a few hours ; instances have also been authenti- 
cated in which nearly a year elapsed before the fire appeared. 

237. Introduce a wooden match, red hot at the end, into a 
jar of oxygen, or a suspended candle (fig. 21) with the p]g. 21. 
wick red; it bums brilliantly, and the flame is re- 
kindled. In all cases where ordinary inflammable mat- 
ter bums, it acts upon the oxygen which is contained 
in the air, and combines witn it. The inflammable 
matter is not lost or destroyed, but often becomes invi- 
sible like the air itself, as it forms gaseous compounds. 
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238. FnsfABATioN. — Binoxide of manganese is heated to 
rednesB !n an iron bottle placed in an open fire, or resting in a 
fomace, as in the annexed cut, fig. 22. The bottle should be 




large enongh to contain Beveral ounces of the binoxide : and 
the oxj^en which is not required fer immediate use, should 
be colfected in beer bottles previously filled with water, and 
employed afterwardsaa it maybe required. The bottles should 
be corked under water, the corks being afterwards covered 
with lard, and a piece of cloth tied round them. 

2d0. When the binoxide is contammated with carbonate of 
lime, or other carbonates, carbonic acid gaa is evolved along 
with the oxygen. This gas is very different from oxygen, and 
much impaiiB ita value. By nsmg water in the pneumatic 
trough, to which lime has been added, the carbonic acid b 
aheorbed, and retained in combination with the lime. 

240. The lumace represented here is of a form extremely 
convenient for numerous operations ; and, where the vent is 
•xposed on every side, other furnaces may be placed around it. 
The area for the fuel may be made from 9 mches to a foot 
square, and the small chimney from G to 6 inches in diameter 
A trout view is given in fig. 23, to show the manner in which 
the bricks are arranged in smal] pieces, so as to be taken out 
and adjusted according to the experiment to be performed. 
The chimney works welt if it be 9 or 10 inches square, and 
from 10 to 20 feet high. A shelf ia pUced b^toT^ b&^'Xk^'h 
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Fig. 23. 




an aperture in the chimney ; and when it is required to cany 
off fumes from any mixture, it is placed in the situation occu- 
pied hy the flask, tne plug heing 
removed from the aperture, 
which is at other times closed. 

241. When the hinoxide is 
heated in the furnace, 88 grains 
give 8 of oxygen, and every 
grain may he considered as equal 
to 8 cuhic inches of gas. 

242. Where there is no op- 
portunity of operating with a 
furnace, 1000 grains of the hin- 
oxide in fine powder may he 
mixed in a retort with an equal 
weight (ahout Ij ounces h^ 
measure) of aqueous sulphuric 
acid ; in this case every 44 grains 
give 8 of oxygen ; hut this pro- 
cess is not so well adapted for 
preparing a large quantity of 
oxygen. The retort must he 
heated hy a chauffer or lamp, 
and the heat withdrawn when- 
ever the gas ceases to escape, otherwise the water might pass 
into the retort and hreak it, heing forced up hy the pressure 
of the air as the gas still in the retort cools and contracts. 
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243. The trough a (fig. 24.) is usually made of wood or 
tinned iron, ahout 24 inches long, 12 hroad, and 8 deep. The 
shelf b and moveable stool c may be made 7 inches high. The 
pneumatic jars hhh heing filled with water, gas is prepared 
from the retort d ; the spout g discharges any excess of water 
from the jars as they are filled with gas, the water passing into 
the small trough/. 
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244. Zinc trays (fig. 25) or small plates are placed below the 
jaz8 of gas under water, when they are to be removed Fig. 25. 
^m the trough, and used for experiments. The .^ 
jars or bottles used for collecting the gas must always ^^^ 
be filled with water to expel air, before any gas is 
collected. 

245. Jars of this form (fig. 26), are often used to transfer 
oxygen or other gases to a bag or Pip^ae. Pfg. 27. 
bladder, adjusted mutually to each 
other by moveable connectors. The 
jars being filled with gas, and then 
depressed in water, the gas is forced 
into the emp^ bag, which is slowly 
distended. The bag having been 
withdrawn, a nozzle is fitted to it 
rfig. 27), by which the gas can be 
oirected upon any object when it 
is compressed. 

HYDROGEN, 

246. Hydrogen is a gas, and the lightest of all known sub- 
stances ; it is nearly l-^ times Ik^hter than air ; 100 c. i. weigh 
only 2 grains and a fraction. Its name is derived from two 
Greek words signifving to produce water, as that fluid is formed 
when 1 part of hydrogen unites with 8 of oxygen. 

247. Hydrogen constitutes l-9th of the water of the globe, 
and is also found in almost all animal and vegetable substances. 

248. Preparation. — ^Put 500 grains of zinc in fragments into 
a common beer-bottle ; pour upon them 3 ounces of water, 
and add 5 drachms of aqueous sulphuric acid. The acid, the 
oiryeen of part of the water, and the metal, combine, producing 
sulphate of zinc ; the hydrogen is disengaged, and may be 
collected at the pneumatic trough in jars ; a cork with a bent 
tube is adapted to the neck of the bottle (fi^. 28) to convey 
the gas to the jars, which can be arranged as m fig. 24. 

249. Zinc is procured in fragments by melting it, and pour- 
ing it from a height into water. Iron-filings may be substi- 
tuted for zinc ; the acid should then be added slowly, and an 
apparatus of the form shown in fig. 29 is convenient, as it may 
be introduced by the long tube in small quantities at a time, to 
prevent the action going on too briskly. Small nails may be 
used instead of the filings. 

250. Invert a jar with hydrogen, after covering the mouth 
with a tray or cover, and apply a lighted match as the cover 
is taken off; the hydrogen bums rapidly, uniting with the 
oxygen of the air, and producing water. 
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251. Inflame hydrogen gas in another jar, keeping the month 
downwards ; the light hydrogen mixes this time more slowly 
with the air, and takes a longer time to hum. 

Pig. 28. Fig. 29. Fig. art 
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252. Take any small jar or phial, fill it with oxygen, and 
then introduce the oxygen into a larger and yery strong jar ; 
fill the small jar twice with hydrogen, and mix it with the 
oxygen in the larger jar. Invert the mixture and apply a 
lighted match ; an immediate detonation ensues, and water is 
fi)rmed. 

253. Practise transferring gases from one jar to another imder 
water, holding them as in fig. 30. 

254. Transfer hydrogen into a hag with a small nozzle (fig. 
27) ; press it so as to direct a stream upon a small portion of 
sponey platinum less than a pea, and supported loosely in a 
small coil of platinum wire ; the air, or oxygen, acting on tlie 
platinum at the same instant with the hydrogen, the metal 
soon hecomes red hot, and the hydrogen is inflamed. 

255. If two hags he taken, one with oxygen, the other with 
hydrogen, and a stream of gas he pressed out from hoth at 
the same instant, so that they unite and produce one jet of 
flame, an intense degree of heat is excited ; this apparatus is 
usually termed the oxyhydrogen blowpipe. Iron- wire neld in the 
flame quickly hums ; small fragments of copper, zinc, ^^^' ^^• 
antimony, lead, and tin, hum with great rapidity, if 
supported on charcoal ; small pieces should he taken, 
less than a pea. Lime, tohacco pipe-clay, and other 
earthy suhstances, hecome intensely lummous in this 
flame. The hydrogen requires only half its hulk of 
oxygen to he mixed with it ; and the gases are apt to 
explode if they he mixed in one vessel, unless the 
tuhes he arranged in a particular manner to prevent 
the flame from returning. The figure shows the 
manner in which the nozzles from the hags are connected in 
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her nozzle, at the extremity of which the flame is pro- 
id. These nozzles are usually made of brass, and aoout 
)th of an inch in diameter at tne extremity, or rather less. 
»6. An excess of hydrogen should alwa^rs be used, as it 
ten the small portion of the mixture within this nozzle 
h- less liable to explosion ; as a farther security against the 
' trifling explosion that might be produced by any return 
be flame into this nozzle, containing the mixed gases, it is 
1 filled with numerous layers of wire-gauze. 
fl. In experiments on a larger scale, gasometers or reser- 
9 for the separate spises are employed, and Dr Hare, who 
iduced the use of tiie oxyhydrogen blowpipe, has for some 
B used it for melting platinum, a metal that is not conve- 
tly fused in furnaces worked with common fiiel. 
»8. When a veiy intense light is required, so that it shall 
oncentrated witnin a veiy umited space, it is produced in 
flral by directing a number of small jets of flame from the 
hydrogen blowpipe upon a ball of lime, supported in the 

Fig. 32. 




aer represente<i in the annexed figure. So intense is the 

eyolyed, that it has been seen in a dear night at the dis- 

5 of ninety-six miles. A, the lime-ball • B one of a num- 
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ber of nozzles proceeding from the centre G ; C, the stem of the 
blowpipe containing the mixed gases ; D, the support for the 
ball, terminating in a platinum rod F, and moving upon a 
screw E, so that it can be adjusted to a proper height. 

259. Symbols of processes described, with a translation : — 
H&0 = 'H. Hydiwen and oxygen produce water. 
:S&*H&Z = !S*Z&H. Sulphuric acid, water and zinc, 

produce sulphate of zinc and hydrogen. 
:S&-H&Fe=:S-Fe&H. Sulphuric acid and water, and 
iron, produce sulphate of iron and hydrogen. 



CHAPTER XII. 



▲IB AND ITS ELEMENTS. 
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260. Air is not an element, but a compound of two gases, 
oxygen and nitrogen, and its chemical properties depend prin- 
cipally upon the oxygen it contains. The oxygen combines 
with inflammable matter during combustion, it acts on the 
blood in the lungs when animals respire, and its influence may 
be traced in numerous operations continually going on at the 
surface of the earth. When the oxygen of the air is consumed, 
inflammable substances do not burn in it, and animals intro- 
duced into it immediately die. Hence the great importance of 
removing air vitiated by combustion or respiration, and intro- 
ducing into every apartment fresh air from a pure source. 
Much of the oppression and headache of which many persons 
at times complam, either arises entirely, or at least is much 
aggravated, by breathing for a great length of time in an atmo- 
sphere vitiatedby a crowded assembly, or imperfect ventilation.* 

261. Minute quantities of moisture ana carbonic acid are 
found in air in every part of the globe, which have an impor- 
tant influence in numerous changes at the surface of the earth ; 
and though large quantities of oxygen must be continually 
consumed, still the composition of the air does not vary, oxygen 
being again restored to it, principally, it is believed, by the 
action of the leaves of plants during sunshine. 

262. Put a lighted candle, about two or three inches long, 
upon the shelf of the pneumatic trough (fig. 21), supporting 
it above the water on any small metallic stand (fig. Fig. 3 3. 
33). Place over it a glass jar eight or ten inches long, 
allowing it to rest upon the shelf The air in the jar is 
at first expanded by the heat, and a little escapes ; the 
candle soon begins to bum more dimly as the inflam- 

* For illustrations of ventilstiim, see Carbon, Fire-places, and Fnmaces. 
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mable matter it contains consumes the oxygen, and in a short 
time it is extinguished. Water is now forced up by the pres- 
sure of the external air to supply the place of the air expelled 
at first, and also of part of that which is consumed, a portion 
of the product being condensed by the water. 

263. Repeat this experiment, using a candle supported on a 
cork, so as to float upon the surface of the pi?. 34. 
water, as in the annexed figure. 

264. Again repeat this experiment, using 
nothing, nowever, but the candle and the 
glass jar, previously dried with great care, 
the candle bein^ put on a table, and the 
jar placed over it. 

265. In all these cases a large portion of 
the oxygen of the air is consumed, uniting 
with the hydrogen, and also with the car- 
bon, which form the principal ingredients 
in w^ax, oil, and tallow. The water that appears in innumer- 
able small points or drops upon the sides of the dry jar, is formed 
by the union of the hydrogen of the candle with the oxygen 
01 the air; the carbonic acid gas is formed as the carbon 
unites with oxygen, and this may be easily detected by the 
addition of lime-water, which is immediately rendered tur- 
bid by the carbonic acid, if a few "ounces be agitated with it in 
the jar. 

266. In studying the action of air upon different chemicals, 
and still more especially in viewing its effects upon the human 
frame, the following memoranda will be found useful : — 

267. Air, at a temperature varying from 60 to 65 degrees, 
is found to be most congenial to the greater number of consti- 
tutions in this country, if it move so gently that fresh quanti- 
ties are continually conveyed to the system without any sensible 
impetus, or at least without producing any offensive current. 
Different constitutions vary much as to the temperature that 
is most suitable for them. A difference of 24 degrees is observed 
in extreme cases as to the temperature preferred by different 
persons ; and, even in the same individual, a very great diffe- 
rence may often be seen as to the temperature that is preferred, 
according to the state of the constitution at different times. As 
age advances, and the bodily strength duninishes, a temperature 
from 63 to 68 degrees is found most agreeable. 

268. Air, at a nigh temperature, provided that be below the 
temperature of the body, may produce the same amount of 
coolmg power as air at a lower temperature, if it be m£ide 
to move more rapidly, so that a larger quantity of it shall be 
brought in contact with the system in a g;iv^Xk \^^« YLssasfc^ 
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air at a given temperature may feel agreeably ¥rann or Teiy 
cold, according to the rapidity with which it mores upon the 
person. Temperature, tiierefore, considered independently of 
the velocity or slowness of moyement in the air, is no frame as 
to the precise manner in which it is likely to affect the feelings. 
Air may he perfectly pure in respect to its proportion of oxygen 
and nitrogen, but may be vitiated by the presence of moisture 
in unusual quantity, when it arrests insensible transpiratioii, 
and affects seriously the functions of the skin, 

269. On the other hand, air may be so free from moisture, 
that it may withdraw moisture rapidly from the system, and 
produce injurious effects by its extreme dryness. Air is more 
largely charged with moisture in summer than in winter, but 
has less tendency to deposit that moisture, in consequence of 
the high temperature. 

270. In winter, though the amount of moisture in the air 
may be less, it is apt to become more offensive from the &cility 
with which it is separated in a palpable form. 

271. In addition to those changes that result from a differ- 
ence of temperature, air is apt to vary greatly in its influence 
upon the human irame, according to its electrical condition, 
which has not hitherto been studied so minutely as its impor- 
tance requires. Further, the following materials may he found 
in the air in different districts, in very variable porportions, or 
only in particular localities, according to the nature of the 
source from which they are evolved. 

272. Carbonic acid ; carbon, the principal ingredient in all 
animal and vegetable substances, tends lutimatel^ to become 
carbonic acid gas as they fade and decay, when it is diffused 
through the air and absorbed by the leaves of plants^ or by 
water which approaches their roots, and again pres^oits it as a 
sourc« of food in the vegetable kingdom. In a propdrtioii of 
about 1-lOOOth part, it is found every where in the atmosphere ; 
in old wells and pits it is often so abundant that certain death 
ensues when any one* incautiously visits those in which it is 
accumulated. 

273. Carbureted hydrogen is found principally in coal mineb, 
or escaping firom strata in which coal, tar, naphtha, and othei 
inflammable substances, abound. 

274 Sulphureted hydrogen is noticed more particularly in the 
vicinity of sulphureous waters, and where compounds termed 
sulphates are left in stagnant water and in contact with animal 
OF vegetable matter. 

275. Sulphurous acid may also be observed near active vol- 
eanoes, copper works, and large cities. In Wales^ 80,000 tons 
of sulphur are annually consumed and discharged, after beioR 
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dissipated in the form of sulphurous acid, from four works alone 
in which copper is separated from the ore. 

27C. Minute particles of exceedingly fine dust are noticed 
principally when a tempestuous atmosphere blows upon a 
sandy desert, or when they are projected from active volcanoes. 
In some cases the dust has covered the decks of ships at some 
distance to the depth of half an inch or more, and instances are 
recorded where it has been deposited in large quantities at a 
distance of 400 miles from the volcano by which it was dis- 
charged. 

277. Salt is noticed more particularly towards the sea-coast, 
but has also been found encrusting leaves at a distance of 200 
miles from the sea. It is supposed to be derived from the 
spray of the sea, agitated greatlv during a heavy gale of wind. 

278. Malarious matters are tne offensive products that arise 
from various soils and marshes, and from ammal and vegetable 
matter generally, in a state of decay. Thousands die annually 
fr^m its injurious influence, but its precise nature is unknown, 
and probably there are many varieties of malaria, each having 
peculiar properties. It has been supposed that many minute 
and invisible animalcule sometimes produce diseases s^tributed 
to malaria, while offensive gases, or, at all events, oflSensive 
compounds which are soluble in gases, such as are met with at 
the surface of the earth, have also been considered to produce 
these effects. By the action of a high temperature, by the 
agency of chlorine, of lime-water, and other substances, attempts 
have been lately made to diminish the virulence of the action 
of malarious poisons, but until their precise nature shall have 
been more accurately investigated, it will be impossible to pro- 
pose specific plans for destroying its influence in each individual 
case. 

279. Numerous substances, as arsenic, copper, hydrochloric 
acid, and other bodies, may be traced in endless variety in some 
situations, especially in the vicinity of particular manufactories. 
Air in la^ cities, such as Lonaon and Manchester, is often 
largely contaminated with soot. In the worst cases in these 
places, nearly 400 separate pieces of soot have been observed to 
fall within a few hours upon a square foot of surface. 

280. In most buildings the supply of air is taken too fre- 
quently from the most mdifferent sources, while the due dis- 
cnarge of the vitiated air is equally uncontrolled. The higher 
the source from which air is taken, the better is it in general, 
and the more free from exhalations from drains, &c. ; care 
must be taken not to le£id it from the same levd as that of 
chlmnej* tops in the vicinity. 



64 NITROGEN — MTRIC ACID. 



NITROGEN. 



9 




281. This gas abounds in the air, forming 4-5ths of its bulk, 
and is also found in considerable quantity in animal substances, 
and in salts called nitrates. It is observed only in a few vege- 
table substances. 

282. Put 8 or 10 grains of phosphorus into a tin or copper cup, 
supported several inches high (fig. 35), and place 

over it, when inflamed, a jar about the size of a * 
common beer-bottle, operating at the pneumatic q 

trough, as in fig. 24. The phosphorus should >^^^^^ 
never be touched directly with the hand, and ' ^ 

must be dried well between folds of blotting-paper 
])efore it is used. When the white compound of 
the phosphorus and oxygen of the included air has 
combined with the water, nitrogen gas remains, 
transparent and colourless. 

283. Transfer it under water to another jar, pre- 
viously filled with water, holding them in the manner shown 
in fig. 30 ; or invert the jar with a cover, keeping in all the 
water, and introduce a suspended candle (fig. 21 ) into the gas ; 
it is immediately extinguished. The nitrogen may be con- 
trasted with oxygen in another jar, the candle bemg extin- 
guished in the one, and rekindled in the other, many successive 
times. 

284. Nitrogen neither supports combustion nor respiration. 
It is disengaged with great facility from numerous compounds, 
many of which explode violently as it is separated. 



NITRIC ACID. 

285. The elements of air, united in a different proportion, 
form nitric acid, one of the most corrosive and powerful acids ; 
diluted with water, it constitutes aquafortis. 

286. Compounds which have a sour taste, and redden blue 
vegetable colouring matter, are termed acids, though a few of 
them are very feeble in these respects. 

287. Fill a glass retort about one-third full of a mixture of 
equal weights of aqueous sulphuric acid and nitrate of potassa 
(common nitre) ; heat the mixture with a lamp or chjauffien 
and collect the vapour that distils over in a receiver, which 
must be kept cold ; if the vapour comes over more rapidly 
than it can be condensed, the heat must be moderated 
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288. A flask with a bent tube fitted to it may be used instead 
of a retort, being luted to it Fig. gg. 

with a mixture of clay and 
sand, when the materials have 
been introduced. (Fig. 36.) 

289. The process should be 
continaed tul a quantity of 
acid be obtained, at least equal 
in bulk to the aqueous sul- 
phuric acid employed. Part 
of the acid is generally decom- 
posed, and a ruddy vapour 
produced which tinges the acid 
of various hues ; it is called /^"^^^ 
nitrous acid. The sulphuric ^ , ^ 
add remains in the retort with the potassa of the nitre, and the 
nitric acid passes into the receiver united with water, which it 
takes from the aqueous sulphuric acid employed. 

290. Add a drop of the acid to water in a beer-glass, coloured 
with vegetable blue ; it is immediately reddened. 

291. Cover a tea-spoonful of iron-filings in another beer-glass 
with water, and pour upon them small quantities of acid at a 
time till a brisk effervescence appears. The iron takes oxygen 
firom the acid, and many gases are disengaged, composed of 
nitrogen with less oxygen than is found in the acid. 

292. Heat two table-spoonfuls of charcoal powder to redness 
in a crucible, and pour upon it aqueous nitric acid in a very 
slender stream; the charcoal bums rapidly, taking oxygen 
from the acid. 

293. Nitric acid is always associated with water as usually 
procured, and should be kept carefully in stoppled phials, as it 
18 very corrosive, and emits acrid fiimes. It is transparent and 
colourless when there is no nitrous acid present, and if concen- 
trated, a phial that holds 1000 grains of water will contain 
about 1480 of this acid. It is often contaminated with sulphuric 
acid or chlorine, which may be detected by solutions of nitrate 
of baryta and nitrate of silver. The acid should be diluted in 
a wine-glass, before the tests are applied, with 6 or 8 times its 

. iMilk of distilled water. The tests produce no effect in pure 
acid ; sulphuric acid gives a white precipitate with barvta, and 
chlorine produces the same effect with the silver. The tests 
must be tried in separate glasses. 

294. Evaporate a portion of the nitric acid on a broad slip of 
glass, or in an evaporating basin, till none is left. If any solid 
'matter remain, it ib also to be regarded as an impurity. 
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295. The other compounds of nitrogen and oxjffen are repre- 
sented in the tahle, page 21. They are produced when nitric 
acid or its compounds are decomposed. 

296. Oxide of nitrogen^ commonly called Intoxicatino^ CraSy 
can he respired for a minute or two without danger ; it pro- 
duces great excitement in general, accompanied hy immoderate 
laughter, and violent muscular action. Its effects pass away 
very quickly. 

297. It is prepared hy decomposing nitrate of ammonia, 
which is resolved into tms gas and water on suhjecting it to 
heat in a retort, the water heing condensed at the pneumatie 
trough, while the gas is collected in jars. The diagram, page 
21, mustrates the precise nature of the changes that ensue. 

298. Binoande of nitrogen is also gaseous, and, when mixed 
with air or oxygen, produces dense, acrid, ruddy fumes of 
nitrous acid. It is ohtained hy the action of copper or mercury 
on diluted nitric acid, the metal removing part of the oxy^n 
from a portion of the acid, and liheratingthe gaseous hinoxide, 
while the undecomposed acid comhines with the oxidated 
metals. 

299. Nitrous acid generally appears as a ruddy Vapour when 
nitric acid is decomposed, or when the hinoxide acts on the air 
and attracts more oxygen. 
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CHAPTER XIIL 

SULPHUR AND PHOSPHORUS. 

300. Sulphur is a hrittle solid, having a fine straw-yellow 
colour. It ahounds in many volcanic countries, where it is 
helieved to have heen separated from its various compounds by 
the action of heat. It is also prepared artificially by heating 
compounds In which it is combined with metals. The modt 
important compounds it forms with the preceding element^ are 
sulphurous acid, sulphuric acid, and sulphurettea hydrogen. 

301. Hold a roll of sulphur over a powerful lamp ; it soon 
falls in pieces, the exterior portion expanding^ while the rest 
is rigid. Sulphur is a had conductor of heat. 

302. Melt sulphur in a Florence flask, and pour it, when- 
ever it is fluid, mto water, it immediately becomes hard and 
brittle. 

303. Heat another portion, after melting it, till it becomes 
thick and viscid ; pour it, in a very slender stream, into water ; 
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it 18 now traiunarent, soft and elastic, but irraduallr retuniB to 
its UKial form. 

304. Heat sulphur in a small retort ; the rapour condenses 
in the neck of tne retort, or in a receiver which may be con- 
nected with it, in the form of a yellow powder, usually cidled 
Flour of Sulphur. 

305. Melt sulohur in an earthenware cup, and allow it to 
cool ; it consolidates into a crystalline mass. Observe the 
crystals as they shoot across the liquid. Dip small pieces of 
wood into melted sulphur ; a portion of it adheres to me wood, 
and common sulphur matches are formed. 

306» Pour melted sulphur upon a glass or other mould made 
of materials such as are not a^ected by the heat of the fluid 
sulphur. It takes a very accurate impression as it cools. Me- 
tallic substances are very apt to be discoloured by sulphur, and 
ought therefore to be avoiaed. 

d07. S%Uphurou8 acid is formed when sulphur bums in con- 
tact with the air or pure oxygen. It is a pungent suffocating 
^[BS ; water can condense thirty-three times its bulk, acquiring 
its odour. It becomes liquid when its temperature is Hg* 87. 
reduced to 14 degrees ; in this condition it evaporates 
quickly if exposed to the air, and produces intense cold. 
When sulphur is burned in oxygen, a very beautiful 
blue %ht,app««8. The same apparatus iwy be used 
as m bummg phosphorus m air to prepare mtrogen (See 
282), or a few fragments of sulphur may be kindled in a 
copper-cup, suspended by a wire (Fig. 87), and introduced 
into a phial, vase, or flask, fllled with oxygen gas. 

808. Sulphurous acid may be obtainecl in combination with 
water, but mixed in general with a little sulphuric acid, by 
heating 200 grains of mercury with an equal weight of aqueous 
«ilphuric acid in a retort, and condensing the gas tnat is 
evolved by water placed in a flask or receiver. The sulphurous 
acid is formed as uie mercury takes a portion of oxygen from 
part of the sulphuric add ; tne rest of the acid combines with 
the mercury. 

809. Sulphurous acid is particularly distinguished by its 
action on colouring matter. Numerous flowers are blanched 
when placed in a jar where sulphurous acid is slowly produced. 
Thougn the colour may fade and disappear, its basis is not 
destroyed^ as, in many cases at least, it may be restored by the 
action of acid or alkaline vapours. 

310. Sulphurous acid is formed in all ordinary cases not only 
where pure sulphur is burned, but also where man^ of its com- 
pounds are exposed to the action of heat and air, as in the 
Welsh copper works already referred to, par, 276> page 62* 
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The 80,000 tons of sulphur mentioned produce 160,000 tons of 
sulphurous acid gas, and part of the copper is also dissipated an 
the same time, destroying all vegetation in the vicinity, and even 
affecting animals with a peculiar disease termed popularly the 
copper-smoke lameness. In various other places, also, where diffe- 
rent manufactories are carried on, numerous cases are pointed 
out where the deleterious action of the sulphurous acid, caused 
by the burning of the sulphur, has produced the most injurious 
effects, bein^ equally inimical to animal life and to vegetation. 

311. Sulphuric acid is the most important compound of sul- 
phur, and IS termed aqtieous sulphuric acid, in the condition if 
IS usually met with, about 40*1 of acid being combined with i 
of water. It is prepared by mixing sulphurous acid gas, formed 
by burning sulphur, with nitrous and nitric acid, in a lam 
chamber Imed with lead ; the sulphurous acid becomes sm- 
phuric acid after decomposing the nitrous or nitric acid, and 
attracting a portion of oxygen from it and the air. When 
properly concentrated, it is a dense oily-looking fluid, heavier 
than water. It is much employed in decomposmg compounds 
containing acids, corrodes animal and vegetable matter, and is 
intensely acid. It reddens the vegetable blues. 

812. Sulphuric acid, associated with other substances, is found 
abundantly in the mineral kingdom, more especially in com- 
bination with lime, soda, and magnesia. But though a virulent 
poison, and extremely corrosive of animal and vegetable mat- 
ter, when concentrated and pure, it loses all these equalities on 
combination with the subsUmces mentioned, when it produces 
successively sulphate of lime or plaster of Paris, sulphate of 
soda or Glaubers salt, and sulphate of magnesia or Epsom salt 

313. Sulphuric acid in solution is detected by adding a solu- 
tion of lead or of baryta ; a white precipitate immediately 
Mis, which is not dissolved on adding diluted nitric acid. In 
earthy compounds not soluble in water, sulphuric acid is de- 
tected by heating them to bright redness in a crucible with 
powdered charcoal, after mixing them with a little pitch or 
oil, when a compound is obtained which produces a sulpnureous 
odour, more especially on adding water and acids to it. 

314. Pour tluree or four drops of aqueous sulphuric acid upon 
the fire, or upon a red-hot iron, where the fumes can be carried 
away ; dense white vapours immediately appear. 

315. Aqueous sulphuric acid should never be mixed with 
water in a glass measure, or any other thick glass vessel, as 
the sudden neat produccKl often causes them to be broken. 
Pour 3 ounces of water, by measure, into a thin flask, capable 
of holding 10 or 12, and mix with it in the flask 4^ ounces ol 
the strongest acid. Great heat is immediately produced ; if a 
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tube wiih. cold water be placed in tbe mixture, it soon begins 
to boil. If the flask be very thin, it may be dipped into cold 
water till it is nearly covered, when, if it be immediately re- 
moved, the small portion of water adhering to the glass outside 
evaporates quickly, and much vapour is observed. 

310. Put a few chips of wood into a wine-glass, and mix 
them with a little of the acid ; the wood is decomposed, and 
becomes black from the separation of part of the carbon. 

317. Take two beer-glasses with water, and put into each a 
drachm of the aqueous acid. Into one pour a few drops of any 
solution of baryta ; sulphate of baiyta falls, in the form of a 
white powder. To the other add a rew drops of acetate of lead 
in solution, sulphate of lead immediately appears as a dense 
white precipitate insoluble in nitric acid. 

31 8. Hydrosulphuric acid, or sulphureted hydrogen, is found 
in a number of springs, and in some cases, as on part of the 
coast of Africa, it is said to exist even in the waters of the ocean, 
producing the oflFensive odour observed in sulphureous mineral 
waters. It is gaseous when uncombined, and extremely noxious 
to animal life. 

319. Air containing a proportion so minute as a millionth 
part of this gas is offensive to many constitutions, and must 
prove prejudicial to all. Air containing one part in fifteen 
thousand has been known to produce deleterious effects. A 
case is recorded where three stout men were obliged to give up 
work in an atmosphere containing only one part in five thou- 
sand. Air containing one part in fifteen hundred kills small 
birds. A horse dies in an atmosphere in which one part is mixed 
with two hundred and fifty of air. In a pure form, it produces 
instant death ; in a more diluted state, the most violent con- 
vulsions are induced, which occasionally terminate in death. 

320. Mix, in a bottle with a bent tube (fig. 28), 440 grains 
of the sulphnret of iron in fragments, with 3 ounces of water 
and 490 grains (5 drachms by measure may be taken) of 
aqueous sulphuric acid. Hydrosulphuric acid gas escapes with 
effervescence, and may be collected in jars or flasks at the 
pneumatic trough (fig. 24). The sulphur of the sulphuret 
takes hydrogen from part of the water producing the gas ; the 
iron takes the oxygen with which the acid produces sulphate 
of iron ; it remains with the undecomposed water. 

321. Heat a bar of iron to whiteness, at a smith's forge, and 
press upon the extremity a roll of sulphur, inclining them in 
the manner represented in fig. 38, and collecting under water, 
in any iron vessel, the red-hot fluid which is immediately 
formed. It is the sulphuret of iron, very brittle when solid, 
and composed of 28 of iron and 16 of sulphur. 
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322. Invert a jar of hydrosulphuric acid gas, and apply a 
Ijghted match ; the gas burns, and produces sulphurous acid 
and water as it acts upon the Fig. 38. 

oxygen of the air ; part of the 
sulphur is not consumed. 

323. Fill a flask full of 
water, introduce a portion of 
the gas till it is half full, cork 
it under water, lift it out with 
the cork downwards, shake it 
well, and then loosen the cork, keeping the flask in the same 
position ; the air rushes in to supply the place left vacant as 
the gas unites with the water. The solution is of the same 
nature with sulphureous mineral waters, but much stronger. 

324. Moisten carbonate of lead with water, spread it upon a 
piece of paper, and introduce it into a jar or flask of the gas. 
The carbonate is immediately blackened, the dark coloured 
sulphuret of lead being formed, as the sulphur unites with 
metallic lead ; at the same moment, the hydrogen of the gas 
combines with oxygen derived from the oxide in the prepara- 
tion employed, and produces water. 

325. Mix sulphate of lime (plaster of Paris) in fine powder 
with charcoal, and heat it to redness in a crucible after making 
the mixture into a ball with pitch or tallow (See 312 and 313). 
When cool, the mixture is found to have lost oxygen, the 
carbon having carried away, in the form of carbonic oxide, 
all the oxygen, both from the sulphuric acid and from the 
lime. It now smells strongly of hydrosulphuric acid, if water 
and an acid be added, for then the sulpnur takes hydrogen 
from part of the water, while the oxygen of the decomposed 
water is attracted bjr the calcium of the lime ; the acid added 
combines with the lime and liberates the hydrosulphuric acid. 

326. A similar action ensues in liquids containing sulphates 
in solution, as Professor Daniell has very recently proved ; and 
to this he attributes the production of diseases m numerous 
marshes and other situations where sea water, which contains 
sulphates, is left in contact with animal and vegetable matter 
in a state of decomposition ; the carbon it contains produces 
the same efl^ect on the sulphates in solution as the diy carbon 
used in the preceding experiments. 

327. Svmh, :S, Sulphuric Acid. 'H-S, Aqueous Sulphuric 
Acid. -HiS&SFe = -S-Fe and HS. Water, sulphuric acid, 
and sulphuret of iron, produce sulphate of iron and hydro- 
sulphuric acid. 

328. Phosphorus is a very inflammable soft solid, having the 
appearance and consistence of wax. It melts at 100* and ooils 
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at 550 den^ees. When pure it is colourless, but more com- 
monly it has a slight yellow tint. 

329. Heat bones in an open fire, a white matter remains, 
composed principally of phosphoric acid and lime ; by sul- 
phuric acid the greater portion of the lime may be removed, 
and if the acid be now heated with charcoal, it removes oxygen, 
and the phosphorus is converted into vapour. This process is 
too complicated for beginners to attempt It. 

830. I^hosphorus being inflamed witu great facility, it ought 
alwa^ tq,be cut under water, and never touched directly by 
the mgers ; it gives a very severe bum when it touches* any 
part of the body after it has been inflamed. When used in any 
experiment wkere no water is required, it ou^ht always to be 
dried previously, by placing it between folds of bibulous paper. 

331. Put 5 grains of dry phosphorus upon a tin cup, sup- 
ported as in lag, 35, and placed upon a plate ; Inflame it, and 
cover it with a dry jar. The phosphorus unites with the oxygen 
of the air, and produces a solid acid, which falls down in the 
included air like flakes of snow. 

382. Put 5 grains of dry and newly kindled phosphorus into 
a jar or flask mil of oxygen, and capable of containing about 
30 ounces of water ; the phosphorus ma^^ be supported in a cup, 
and should be placed as low as possible in the vessel containing 
the oxygen. A very vivid light appears during the combustion 
of phos^orus in oxygen ; an acid compound is formed, as above. 

333. Place a thin slice of dried pnosphorus (about ^ of a 
grain) between folds of writing-paper, and rub it briskly with 
a glac»-stopple. The heat produced by the friction soon in- 
flames the phosphorus. 

834. Cut under water ten slices of phosphorus, as thin, and 
not larger than the smallest wafers. Dry them cautiously on 
blotting-paper, taking care never to touch them with the hand, 
and then transfer them from the paper to a portion of tow or 
cotton, so that they may rest near each other. The tow or 
cotton being then placed on an iron cup, and covered with a 
jar to prevent external currents, the slow combustion which 
the phosphorus undergoes produces a white smoke which gra- 
dually increases, unless the temperature be very low, and 
ultimately the oxygen of the air is entirely consumed. Occa- 
sionally the phosphorus takes fire, illustrating what often takes 
place with other matters, as when oil, charcoal, and other sub- 
itances, gradually absorb oxygen &om the air, and produce a 
alow combustion, which terminates after a considerable lapse 
of time in an active and violent conflagration. 

336. Melt 3 or 4 grains of phosphorus in a test tube, give heat 
till it boils for five or ten minutes, and allow it to cool. If a 
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sulphur match be now introduced, it may he made to rub off 
a portion of the phosphorus, the heat produced enabling the 
phosphorus to take fire on coming in contact with the air. 

336. Put 10 grains of phosphorus into an ale-glass with boil- 
ing water, and force oxygen gas upon _ J^ - 39. 
it, pressing out the oxygen from a 
bag in the manner represented in the 
annexed figure. The phosphorus in- 
flames under the boiling water. 

337. Heat 30 grains of phosphorus 
with 30 drops of water and 30 grains of 
aqueous potassa, in a very small retort, 
till a gas is evolved which inilames 
as it comes in contact with the oxygen 
of the air. When the gas comes 
steadily away, the beak of the retort may be placed under 
water. Every portion of gas which rises through the water 
produces a beautiful wreath of smoke as it rises in the air. The 
gas is produced by one part of the phosphorus taking Aydrogeii 
from the water, while the rest takes oxygen and combines 
with the potassa. As it bums, the hydrogen forms water with 
the oxygen of the air, and the phosphorus also unites with 
oxygen. 

338. Take a stick of phosphorus, holding it with pincers, and 
draw lines with it upon a wooden board in a dark room ; when- 
ever the phosphorus touches the wood, a portion is absorbed, 
which retains its luminousness for a long tune. 
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CHAPTER XIV. 



CARBON, CARBONIC ACID, CARBONIC OXIDE, COAL AND OIL GAS, 
COMBUSTION, PREVENTION OF SMOKE, VENTILATION. 

339. Carbon is the term applied to an element very abun- 
dantly distributed throughout the globe, and familiarly known 
in an impure form in the condition of charcoal, coke, lamp- 
black, and soot. It is an infusible but combustible solid, burn- 
ing freely when heated in contact with air, but remaining 
unchanged at all known temperatures when excluded from 
contact with the air and other substances. Carbon forms the 
principal part of coal, and also of all animal and vegetable sub- 
stances. Its most important compounds are those which it 
forms with oxygen, hydrogen, and nitrogen, of which all ani- 
mal and vegetable substances are principally composed, ftnd m 
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which they are associated in an endless variety of proportions. 
Carbon is found in many different conditions, of which the 
following ought to be more particularly noticed : — 

I. The diamond la composed of pure carbon. 

n. Charcoal consists almost entirely of carbon, and is pre- 
pared by heating wood so as to expel all the gaseous matter it 
contains. Heat a few chips of wood in a glass tube by the 
flame of a lamp, or in an iron pot placed upon a common fire, 
so long as gas and vapour are rapidly disengaged ; charcoal is 
left, which must be excluded from the air as it is cooled, to 
prevent it from taking fire. 

HI. Heat common coal in the same manner ; coal gas and 
other compounds are expelled, and the carbon is left as a cinder, 
forming what is commonly termed coke. 

IV. Lamp-black is the carbon deposited from a smoky flame. 

V. Ivory-black, or animal charcoal, are terms usually ap- 
plied to carbon in the condition in which it is obtained when 
oones are heated and the air excluded. A large portion of 
earthy matter is mixed with it in this condition, and in parti- 
cular, a portion of lime uncombined with other matters, in 
addition to a large quantity of phosphate of lime. The uncom- 
bined lime is in many cases the cause of numerous peculiarities 
attributed in general to the carbon alone. 

VI. Plumbago, commonly called black lead, is composed 
principally of carbon with a small quantity of iron. 

VII. .Coal consists in general of carbon, oxygen, hydrogen, 
and nitrogen, and is considered to have been formed from de- 
cayed vegetable matter. Few traces of animal matter have 
hitherto been observed. When heated, the gases are expelled, 
and carry along with them a quantity of carbon, producing 
common coal-gas, which bums upon the coal if air be supplied 
to it, but may be conveyed, as in gas-pipes, to any distance if 
the air be excluded. Other gases are also formed. 

VIII. Splint coal has a splintery fracture. 

IX. Caking coal fuses, and forms a cake when heated. 

X. Cherry coal has a slaty fracture, and is easily broken. 

XI. Cannel coal, or parrot coal, gives much gas when heated, 
and was formerly used instead of candles. 

XII. Glance coal, or anthracite, consisting almost entirely 
of carbon, gives no gas when heated, but bums with a fixed 
l^t. 

Xm. Brown coal, bituminous wood, or surturbrand, has a 
]brown colour, and resembles peat. 

XTV. Jet \a another variety of coal ; it is used in making 
black ornaments. Naphtha, petroleum, mineral tar, mineral 
pUchy mineral caoutchouc, and/^re damp, are all composed prui- 
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cipally or entirely of carbon and hydrogen, and considered as 
products of the decomposition of coal ; substances similar to 
most of them being formed in preparing coal-gas. 

840. Put some fragments of charcoal in a copper cup or 
cage ; heat any of them to redness in a lamp, and fi^. 46. 
introduce them into a jar, flask, or phial, contain- 
ing oxygen (fig. 40). A brilliant combustion 
takes place, the charcoal burning with a fixed 
light. Carbonic acid gas is always formed when 
carbon is freely supplied with oxygen, whatever 
its source may be. 

341. In the combustion of a common fire, where 
there is a thick bed of cinders, three circumstances 
require attention : — 

I. Carbonic acid is formed below where the air first Acts 
upon the carbon. 

II. Part of the carbon of the superincumbent red-hot cinders 
takes away half of the oxygen from the carbonic acid as it rises 
through them, and 2 particles of carbonic oxide gas are fi>rtned 
by the decomposition of every particle of carbonic acid. 

III. The 2 particles of carbonic oxide bum with a blue 
flame as the v come in contact with fresh air, producing 2 of 
carbonic acid, as an additional supply of oxygen is communi- 
cated to them. 

These changes may be thus expressed symbolically : — 

I. C&O^ = :C. Carbon and 2 of oxygen produce carbonic 
acid. 

II. :C&C = 2*C. Carbonic add and 2 of carbon produce 2 
of carbonic oxide, 

III. 2-C&0'^ = 2:C. 2 of carbonic oxide and 2 of oxygen 
produce 2 of carbonic acid. 

842. In the preceding s3rmbolic arrangements^ the aetion 
that ensues between pure oxygen and carbon has alone been, 
represented ; but this illustration being one of great practical 
importance, the precise nature of the changes as they ensue 
between carbon and oxygen, as it is associated with nitrogen in 
air, should be carefully studied as they are represented in the 
following lines : — 

I. C&2-N^ = :C&N2. 1 particle of carbon and 2 of air pro- 
duce carbonic acid and 2 of nitrogen. 

II. :C&C&N^ = 2-C&N2. Carbonic acid and carbon, aad. 
2 of nitrogen, produce 2 of carbonic oxide and 2 of nitrogen. 
In this and in the succeeding stage of the process^ it will be 
obsei*ved that the nitrogen, liberated at first from the air afl = 
represented in I., merely accompanies the other products wiib^ 
out undeigoing any change. 
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m. 2-C&N2&2-N2=2:C&N4. 2 of carbonic oxide, and 2 
of nitrogen, and 2 of air, produce 2 of carbonic acid and 4 of 
nitrogen. 

343. In warm weather there is much moisture in the air, and 
the hydrogen of the watery-vapour which passes through the 
fire produces with the carbon a gas, which, as it bums, chang^es 
a little the colour of the blue flame. The blue flame ia usually 
seen most distinctly in very cold frosty weather, when the air 
contains little moisture, and when the flre presents a thick bed 
of cinders. 



CABBONIC ACn> AND CABBONIO OXIDE GASES. 

344. Carbonic acid consists of 2 particles of oxygen and 1 of 
carbon. Stfmb, :C. Prepare carbomc acid gas at the pneumatic 
trough, using the bottle and bent tube represented in flg. 28, 
introducing into it an ounce of aqueous hydrochloric acid pre- 
viously mixed with 2 of water, and about a table-spoonful of 
larae fragments of chalk or marble, which are composed of 
carbonic acid and lime ; the hydrochloric acid unites with the 
lime, and carbonic acid gas escapes with efl^ervescence. Symh. 
HCl&:C'Ca= HCl*Ca&:C. Two or three jars of gas may be 
collected, and a flask or bottle filled half full. 

345. Introduce a lighted candle into one of the jars ; it is im- 
mediately extinguished. 

346. Invert another jar, and leave it without any cover for 
five or ten minutes ; then try it with the candle as before : the 
carbonic acid gas being heavy, remains in the jar for a consi- 
derable time. 

347. Shake the bottle with carbonic acid and water, the gas 
is absorbed. Add a little litmus in solution ; the blue changes 
to a red. Boil a little of the red liquid in a flask or tube ; the 
gta escapes, and the blue is restored. 

348. Carbonic acid gas is fatal to animal life : animals intro- 
duced into it immediately die. Diluted with air to such an 
extent that respiration may be continued, it produces headache, 
expression, dullness, and inactivity. It is evolved by the com- 
bustion of carbon, and by respiration ; so that crowded or ill- 
ventilated apartments are extremely unwholesome, and some- 
times dangerous, from the accumulation of carbonic acid. It 
it found during fermentation and putrefaction, and accumulates 
in old wells, pits, and caverns : before attempting to enter into 
any of them, a lighted oil-lamp should be mtroduced, and if 
eoctinguished, any one entering would probably be suffocated. 
A candle is often extinguished in air vitiated with carbonic 
acid, though a lamp may bum in it, and gas bums for a sh^Ti 

P 
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time in air 80 contaminated that neither a candle nor an oil- 
lamp can hnm in it. 

349. Carbonic oxide. Symb. *C. This is the gas that bnms 
with a lambent blue ilame on the top of a cinder fire. It may 
be procured most conveniently for experimental purposes in 
the following manner : — 

850. Heat 50 grains of crystallised oxalic acid in a retort 
with an ounce by measure of aqueous sulphuric acid. Collect 
the gases evolyed at the pneimiatic trough. The oxalic acid is 
decomposed and resolved into carbonic acid and carbonic oxide 
gases, as the hot sulphuric acid removes its water of crystal- 
lisation. iSymft. iO=:C&*C. 

351. Invert a jar of the mixed gases, and pour into it as 
much lime-water as will fill it about one-thinl full. Shake 
the lime-water with the gases, keeping on the cover of the jar ; 
carbonic acid gas is condensed, producing carbonate of lime, 
which renders the liquid milky. Inflame the remaining car- 
bonic oxide ; it bums with a blue flame. 

COAL AND OIL GASES. 

* 

352. When ooal, oil, tallow, wax,Tesin, and many other in- 
flammable substances, are exposed to heat, gaseous compounds 
of hydrogen and carbon are produced in large quantity. In an 
open fire, the gas bums as it escapes from the coal, &c. ; and 
an oil-lamp or tallow candle may be compared to a small gas 
manufactory, where the gas is consumed by the air as it is 
produced upon the wick. 

353. Heat by a lamp some fragments of coal in a small test 
tube ; gas is expelled, which may be influmed. Water charged 
with ammonia and a tarry matter may also be seen as the heat 
is continued ; coke is left in the tube. 

354. When coal contains sulphuret of iron, hydrosulphuric 
acid gas is also formed, which is removed by lime. Ammonia 
is condensed by acids ; and sometimes, instead of the more com- 
mon acids, fatty matters are employed, many of which are 
regarded as peculiar acids. 

355. The gaseous compounds of hydrogen and carbon are 
usually called carhuretted hydrogen gaxea. The more they 
abound in carbon, the richer the flame they produce as tliey 
bum. Uydruret of carbon is more valuable than the bihydrurei, 
and is found in larger quantity in oil than in coal gas. Their 
composition may be seen in the table, page 23. 

356. The products of the combustion of carhuretted hydro- 
gen gases are carbonic acid and water, the nitrogen of the air 
Being separated. 
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367 • Hydmret of carbon acts on 3 particles of air ; carbonic 
ficid and water are formed, and 6 of nitrogen separated. Symb. 
HC&3-N2=:C&-H&6N. 

358. Bilnrdruret of carbon consumes 4 particles of air, pro- 
ducing 1 of carbonic acid and 2 of water, 8 of nitrogen being 
detached, Swnb. H^C&4-N2 = :C&2-H and 8N. 

359. The name of a common lamp or candle is pro- Fig. 41. 
dnced by the gas formed around the wick acting upon 
the oxygen of the air ; it is confined solely to the ex- 
terior portion of the ascending gas. In fig. 41, a a de- 
notes the part in a state of combustion. All without 
is merely iieated air, or the products of combustion ; 
and all within is unconsumed gas, rising in its' turn to 
affect the oxygen of the air. 

360. If a glass tube be introduced within the flame 
of a large lamp or candle, in the manner represented 
in iag. £l, part of the unconsumed gas passes through 
it, and may be kindled as it escapes. With a tube l-4th of an 
inch in diameter, and a foot long, this is very easily shown ; 
the wider the tube the better, if the flame be sufiiciently large. 




Fig. 42. 




Fig. 44. 



rig. 43. 




361. Fig. 43 shows a section across the flame, with the posi- 
tion of the tube. 

^2. The nature of flame is beautifully illustrated by hold- 
ing over the flame of a candle, or of a large stream of gas, a 
piece of wire gauze 6 or 8 indies square, with about 1000 
meshes in the square inch. The flame is intercepted, and 
appears only below the gauze, a tube of flame appearing ex* 
panded as it reaches the gauze. The unconsumed gas rises 
. through the gauze, and if a lighted match be applied, it bums 
on the upper side ; the appearance is then presented, as seen 
in fig. 44. 
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363. A white heat is required to cause the combustion of com- 
mon gaseous matter in most cases with flame, ^*8* *^ 
and an intense heat is equally produced by the 
combustion of gas with name. If flame be pro- 
duced on one side of wire-gauze with small 
apertures, the metaUic wires of the gauze being 
always kept cold by the surrounding air, any 
burning gaseous matter coming in contact with 
it is so much cooled, that it soon ceases to bum, 
and is incapable of inflaming unconsumed gas 
on the other side, after it shml have passed the 
gauze. 

364. Fig. 45 represents the miner's safety- 
lamp, invented by Sir H. Davy, where a com- 
mon lamp is surrounded with wlre-eauze. In 
coal-mines, the atmosphere frequently becomes 
explosive, from the large quantity of bihydruret 
of carbon, ihefire-damp of miners, which escapes 
from the coal as it is worked, and a lighted 
candle would instantly detonate the mixture. 
But with this lamp, though the explosive mix- 
ture may enter within the gauze and bum 
there, the flame within cannot set fire to the 
explosive mixture without, so that the miner 
has time to escape. If the current be strong, 
however, and the wire much heated at any one 
point by the flame being directed continually 
upon it, then it is apt to pass through the gauze, i 
and set fire to the explosive mixture in the 
mines. 

365. The intensity of light produced during 
the combustion of any gaseous matter, depends 
much upon the manner in which the gas is con- 
sumed. In producing a highly luminous flame, 
attention should be paid to the following cir- 
cumstances: — : 

I. The combustion must be made to take place in such 4 
manner that an intense heat is produced. 

II. The gas, as yet unconsumed, is decomposed by the hea^ 
and much solid charcocd is separated and suspended in the 
flame for an instant. 

III. This charcoal must be intensely heated, so as to be con- 
sumed. Any unconsumed charcoal gives a yellowish tinge to 
the flame, and, if in large quantity, is deposited ultimately in 
the form of soot. 

'366. In an argand burner, ^g, 46, the intensity of the heat 
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ii angmenUd by csuung air to enter in ibe middle of a circnlai 
wick or series of gas jets, bo that more gas is consumed within 
& given space than in tlie ordinary manner. Thus, in fig. 47, 
a section of the argand burner fig. 46, it will he seen that the 
surfaces of the burning gas oa, aa, are Tery near, so that the 
interposed gas is heated much more than n^en these surfaces 



tated, and becomes intenselj luminona before it is 
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887. If the i^>ertaTe hy which aji is admitted into the inte- 
rior of the flame be closed by a piece of paper, the fiame 
represented in fig. 46 immediately assumes the form shown In 
fig. 48 J part of the supply of air being cut off, it extends 
fiother into the air before it meeta with the oxygen necessary 
fbr combustion. The heat is accordingly diffused over a larger 
mriace, and becomes less intense ; a and a are more distant 
from each' other ; a smaller quantity of carbon a deposited, 
leee gas being decomposed, and even that which is separated 
being less intensely heated, much of it is unconaumed, and 
produces a dingy and imperfect fiame. 

368. The moet perfect form of burner ia seen in the flat gHs 
jet, fig. 49, where two opposing currents of gas meeting each 
otiier, flash into an extremely thin sheet of gas, which extends 
ta an opposite direction to the currents which produce it. Fig. 
60 is a section of the same jet, the side of the flame being tnmed 
towards the eye. Here, the gee on one side being so e:Uremely 



near that on the other, all the conditions ara folfilled which 
are neceasaiy for intense heat and light. 

369. In the bat-wing burner, a similar bat leas perfect com- 
bustion is induced by causing the gas to issue &om aa open slit 
in the head of the burner. 



Fig. IS. 



Fli,.110. 




370. For some purposes where gas is nsed, it escapes with 
too much force to be employed conveniently, as in experiments 
with the blowpipe. By placing over it a email brass tube, fig. 
51, covered with wire gauze, a better flame for pig. sl fis- X. 
this puiyoso is procured. A y^. 

371. If air be mixed with gas before it is A '"^ 
inflamed, aa by allowino; it to rise in a tin chim- / \ 

ney, to which the air has free access on eveiy tTP 
side, wire^nze being placed over the top of L 
the chimney, a flame is produced which is not Q 
more luminous than that of a spirit of wine ^ 
lamp, and produces no smoke. Fig. S2 illus- R 

trates the arrangement adopted. It is easy in H, 

this way t« procure a flame from an inch to a ''■ ^ '' 

foot In diameter. Bumerv of this kind have been much used 
of late for the steady application of heat, both for domestie 
purposes and in the laboratory of the chemist. 

372. Fig. 53 represents the roasting bnmer, in the manner 
:. : ■4__.___i !._.._ '•^•-eafih]a - - ■ - 
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FDRKACES, FIKB-PLACES, TENnLATIOIT, 

373. If a fire be kbdled in the middle of a room (fig. Bi), 
the dooT, windows, and chimney, being completely closed, the 
air at the fire-place expands, and becomes lighter, bulk for 
bnlk, than the rest, which descends and flows under it, pushing 
it upwards in the same manner as water poured into any vessel 
with a cork at the bottom, sinks under the cork, and floats it 
as it insinuates itself below it. A perpetual circulation thus 
goes on so lone as the heat is continued, all the air being in 
time involved m this movement, cooling and sinking on the 
exterior, while fresh quantities are continually expanding as 
the beat affects them. 




374. If a fire be kindled in an apartment or chimney, close 
below but open above, a current of warm air ascends, the 
cold air deatending at the sides and forcing it 
up, so that the air is continually renewed ; see 
fig. S£. 

S70. When a fire is heated in a chimney open 
below and above, the air moves quickly, the 
wann air in tlie chimney being pushed up ra- 
pidly by the external cold and heavier air, fig.CG. 

376. When two chimney* are connecttni to- 
gether by a flue (flg. fi7), and & fire kindled ir 
one of tliem, the air ascends in the one with the ^^^iN 
finu being pushed upwards by the cold air wHHBawSLHUK 
iriuch deflcends through the others A similar arrangement k 



82 



MOYEMBNTS IN AIR INDUCED BY HEAT. 



adopted in yentilating numerous mines ; the horizontal part of 
the fig:ure may represent that part of the mine which is worked, 
and the perpendicular portions the two shafts which lead to the 
mine, the air descending in one and rising in the other. 



Fig. 68. 



Pig. 59. 



Fig. 67. 






377. In fig. 58 the currents are represented as they occur in 
a common fire-place. Air enters by the doors or windows. 

378. Fig. 59 illustrates the currents in a furnace. There, 
the space left open in a common fire-place being closed, a more 
intense heat is produced, as no air escapes into the chimney 
which does not pass through the fuel and contribute to the 
combustion. 

379. Wherever air continues to escape, fresh air must have 
free access to the apartment. When the doors and windows fit 
so tightly as not to admit of this, then some aperture must be 
made for this purpose alone. Fig. 60 represents a mode which 

• has been occasionally adopted for this purpose, one chimney 
leadinc^ in a descending current of fresh air, while by the com- 
mon chimney it is carried away. 



Fig. 60. 



Fig. 61. 





380. When air is not admitted by this or some other arrange- 
ment, cold air descends in the chimney, entangling and carry- 
ing down some of the ascending warm and smoky air, and m 
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Boch cases the room necessarily smokes ; two currents, accord- 
ingly, an ascending and a descending current, perpetually affect- 
ing and interrupting each other, may be seen in idl such vents. 
(See fig. 61.) 

THE OPEN FIRE. 

381. The general nature of the open fire-place will be suffi- 
ciently understood from the preceding illustrations. When 
properly supplied with air, there is no return of smoke, and 
the wannth it affords depends solely upon the heat which it 
radiates, unless it be conjoined with arrangements such as give 
it in some respects the character of a stove. This combination 
is not uncommon, the open fire being sustained in an iron frame, 
from which the consumed air is carried away by an iron pipe 
or tube traversing the apartment to be warmed, and commu- 
nicating, accordingly, a considerable amount of heat, which, 
under other circumstances, would have passed away by the 
chimney. 

382. Independently of the cheerful appearance presented by 
the open fire, it is distinguished by the purity of the heat it 
affords, and the constant circulation of air it maintains in the 
apartment in which it is placed. The less the quantity of 
metal, the greater the heat projected into the room. With 
large metalbc bars and plates a great quantity Of heat is con- 
tinually withdrawn by conduction, as the air which passes by 
them ascends in the chimney. Sometimes polished brass plates 
are used with advantage at the sides of particular fire-places, 
to reflect into the apartment any radiant heat which may fall 
upon them. Grates are almost invariably placed too high : 
branders supporting the fire should be on a level with the floor, 
and the ash-pit sunk below it. 

383. The term draught is usually employed in reference to 
chimneys ; and when air passes through tnem quickly, they 
are said to draw well. The movement begins with the expan- 
sion of the air in contact with the burning fuel, and the farther 
movement of the air depends upon the colder and heavier air 
meeting with less resistance than before from the expanded 
and lighter air in the chimney ; and the greater the difference 
between the specific gravity of the external air and that in the 
chimney, the more rapidly does the movement go on, or, in 
common language, the better does the furnace draw. 

384. If the smoke fix)m a common fire be not carried up the 
chimney, and if there be sufficient air allowed to enter by the 
doors or windows, then, by closing the aperture between the 
top of the fire and the chimney, so that no oil can have OACAsa 
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to it except throngh the fuel, the smoke may in general be 
prevented from returning, for, by excluding the entrance of 
cold air above the fuel, tne gaseous products in the vents are 
maintained at a higher temperature, and have consequently a 
greater ascending power. 

385. The smoking of afire may arise from a great variety of 
causes, among which may be more particularly enumerated : — 

886. I. Interruption to the discharge, arising from too small 
a vent, or from the action of a current of air striking with force 
upon the chimney top, A moveable cowl which turns with 
the wind, often afrords the best protection in such cases. Wher« 
the vent terminates below a high wall, from which the wind 
is reflected back upon it, producing a return of smoke, it is 
often necessary to carry the vent above the wall, that it may 
be beyond the influence of such currents. 

887. II* The operation of currents in other apartments 
more or less distant. For example, if the external doors and 
windows of a house be so closely fitted that little or no air can 
enter by them, and if they should all be closed at the same 
time, while a large and powerful Are is maintained in any one 
apartment, as in the kitcneu, it is obvious that air must descend 
through the smaller chimneys, even though fires be kindled in 
the fire-places connected with them, the great ascending power 
produced by the large fire in the kitchen overcoming all the 
minor draughts in the other apartments, and drawing air down 
through them, wliich, after producing an ofl^ensive smoke in 
them, and finding its way through the passages, arrives at the 
kitchen. The obvious remedy in this case is to admit air freely 
to the passages or to all the individual apartments. 

888. It cannot be too particularly remembered, that air in 
contiguous apartments may be compared to materials poised 
with the most scrupulous care in the most delicate and sensible 
balance, and that air within any apartment stands in the same 
relation to the external air, other circumstances being the same. 
When, from expansion induced by heat, or any mechanical 
impetus produced by the wind or any other cause, an increase 
of pressure is induced at one place, or a diminution at another, 
a movement in the air is the necessary consequence, and this 
ensues as certainly as a disturbance in the equilibrium of the 
pans of a nicely adjusted balance, when an increased weight is 
communicated to one, or a portion removed from the other. 

889. Again, though smoke and heated air always tend to 
ascend, they may in numerous cases be very advantageously 
forced to take a descending movement in the first instance^ 
where particular circumstances render it desirable that the 
sur&ce of the fuel should be exposed, or when an ascending 
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fine cannot b« conveniently procnred. In nil arrangetncnts Oi 
tfaia kind a lar^ flue or chimney ia provided at first, in which 
all the smalleT deeceiMing branches are made to terminate ; and 
'' ' 'd it being heated, it draws downwards, harizontally, 

\, or at anv inclination, the air fri — " "■ 
sod through all the branches ttiat lead L 
mifficieDtly laise. 

390. It would be a great security againat fire, and ensure a 
much more sgreeable atmosphere, if all honses, whatever night 
be the number of apartments, were provided with one .large 
chimntiy alone, all others leading into it. It would not then 
be difficult to prevent smoke in any ordinary atmosphere, the 
wcending movement irom all the chimneys producing great 
stren^^ in the current, so that it would resiatany sudden gust 
of wind, mch as would blow down any individual branch or 
ansU cliimney, if left alone to contend against it. Some build- 
ings are now m progress where numerous apartments are t« be 
provided with flues according to this arrangement. 

301. The two ibIJowing figures illustrate the general arrange- 
ments adopted where many flues terminate in one large ahail 
or chimney, and should be studied carefully till the movement 
of the air in each individual compartment shall be distinctly 
understood ; they represent some of the principal flues and 
furnaces attached to the large chimney m the centre of a che- 
mical clasB-poom, and the manner in which they enter in on 
every aide, above and below ground ; the arrows point ont the 
oofuae wtuch the different currents take till they reach the 





c«nbal chimney In some extensive inannfaetnnns: eetabliah-i 
ments, from lOO to 200 furnaces often play into a Mngle chim- 
ney, which may be seen occasionally at some distance, and 
rinng alone in an adjoining field, undeigTa\iu& ftvL«& ctUKiv^fc^ 
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all the smoke to it. Such chimneys are often carried to a great 
altitude, in order to remove noxious fumes to a distance. 

392. To the right, in fig. 62, a smith* 8 forge is first observed ; 
then a reverberatory furnace, where the flame dashes over the 
material to be heated ; and then another furnace for miscella- 
neous operations. Below, and in the middle, a furnace is placed 
to heat the superincumbent iron sand-bath plate, evaporating 
basins being put there, while noxious fumes are carried away 
by the aperture represented. Above is another plate of a similar 
form, from which a more moderate heat is procured. A glass is 
also represented resting on a projection, and before an aperture 
in the chimney, so that offensive gases from it are rapidly 
withdrawn. To the left, the first furnace observed is used for 
operations where an intense heat is required ; the large open 
space above the fuel allows all the consumed air to escape with 
rapidity, and fresh air to enter. A furnace, with an earthen 
vessel called a muffle, is next seen ; it is used in refining gold 
and silver. A blast furnace for melting iron is observed at the 
extreme left ; the air, instead of entering through furnace bars, 
being propelled by a fanner turned two thousand times a 
minute by a steam-engine. 

Fig. 63. 




393. In fig. 63 the other section of the same chimney is 
shown, illustrative of the arrangements adopted in several of 
the furnaces with descending flues, and of the manner in which 
fumes are carried off^ in numerous operations where the pheno- 
mena could not otherwise be so easily shown, without injury to 
the operator and those around him. 

394. On the extreme right four apertures are seen for this 
purpose, which are used with different kinds of apparatus. The 
retort which follows rests upon a few cinders mixed with char- 
coal, the air descending as in the other flues, while the receiver 

19 kept cold by the rapid current of air descending on every 

side. In the next figure the expenme;Tv\,et \s svxyj^^^ ^ be 

^troducing antimony or arsenic mto a vaa^ ^^ wiiXssMafe ^soct- 
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STOVES.* 



897* The stove is very different in many respects from the 
open fire, hut more particularly from the circumstance that 
heat is communicated hy it to the surrounding air largely hy 
conduction, as the air comes in contact with it, independently 
of that portion which is radiated, whatever its temperature 
may he above that of the contiguous atmosphere. 

398. Stoves are usually made of earthenware or of iron. The 
latter is generally preferred in this country, and iron stoves 
may be divided into different classes, according to the tempe- 
rature to which the air in contact with them is exposed. The 
higher the temperature of the stove, the less pleasing is the 
quality of the aur that comes in contact with it. Minute par- 
ticles of dust or of any other substances are often scordied 
and rendered offensive by it, while in extreme cases a portion 
of the oxygen of the air must be removed ; the more mtense 
the heat, the less is the amount of heating surface necessary, 
but when stoves are heated to redness, the air proceeding from 
them is apt to ascend at once to the ceiling of the apartment 
into which it is introduced, and to remain stationary there, 
while a comparatively cold atmosphere is observed below. The 
great object at all times should be to construct a stove with a 
very extensive heating surface, and to cause it to operate upon 
air before it enters the apartment to be heated, so that the 
great mass of heat it communicates may be delivered on the 
floor. If the lower stratum of air be warmed, that above is 
certain to be warm also ; but the air may be very warm above, 
without any sensible warmth being communicated to that por- 
tion which is below, and which comes in contact with tiie 
person. 

899. Stoves are made of the form represented in fig. 65 in 
many parts of northern Europe, especially in Sweden, Russia^ 
and Frussia. The fire rises to the top of the large apparatus 
employed, which is commonly made of earthenware : it then 
descends on one side, rises again on the same side, and passes to 
the other, where it descends and ascends as at first, after which it 
proceeds to the chimney. Fig. 66 indicates the various turns 
m the flues ; and in fig. 67 a ground plan is given, the letters 
ABCDEF showing successively those communications through 
which the consumed air and smoke pass in the interior before 
the principal pait of the heat is exnausted, after which they 
escape to the external air. A damper regulates the supply and 

* For a description of hot-water apparatus, see " OomTnnnioatfon of Heat.** 
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escape of conaumed air. A large Enrface ia thus exposed to a 
very moderate dra^e of heat, ' ' "' 

mild ood agreeable temperatui 





Fig.6». 
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400. In many atoveti, and more particnlarly in those in which 
Bir [b wanned at a distance from the apartment to which it is 
to ba conveyed, the heated air is produced by ailowins cold air 
to enter between the inner case containing tlie fuel and an 
outer csaa ; the ur is warmed aa it passes, and may be conveyed 
br pipeB to a distant apartment. The nnoke is led into a 
fshimney by a separate tube. (See fig. C8.) 

401, Dr Amott estimates that three-fourths of the heat pro- 
duced in a common fire-place ia wasted or carried away by the 
chimney, and has proposed to employ an earthenware furnace 
enclosed in an iron box, so that a much larger portion of heat 
sball be obtained from the fuel, apertures being made in the 
iron chamber to regulate the currents of air. A great wviu^ 



of fuel has been effected in thie n 



ner. Fig. 69 shows the 
!3 have been constructed 
admitted w 




freedom at first, so us to produce carbonic acid, while the pro- 
ducts of combustion are conveyed to a chimney where the draft 
is sure and certain, they are found to work well and prove 
very economical. If, however, the chamber for the fuel be 
overloaded, and the supply of air much too limited, carbonic 
oxide gas is apt to be generated, and in some cases even to 
explode, as it mingles with the air. Coke alone, or anthracite, 
can be used in these stoves. 

402, Again, in stoves where the heat is exhausted to ao great 
an extent from the products of combustion, the ascending 
power in the chimney is small, and a returning dranght is apt 
to take place, unless great attention be paid to the state of toe 



403. It will also be observed that tbey do not ventOat« or 
change a large amount of air, as in the common fire. Ventila- 
tion, accordingly, where they are used, must be provided by 
independent means. 

4M. The most certain method of providing securely agaiut 
the evolution of noxious gases where such stoves are lued, con- 
sists in arrangmg them so that tbey shall be absolutely ur- 
t^bt within the apartment in which tbey are, the fresh air 
beang introdnced into the stove by an iron pipe from without. 
In the same manner as the chimney Ig attached far removing 
fonlur. 



40$. Jn all cases where a strong heat is required, all apertnrM 
leading into the ctiimney above the place where the fite) reatft 



ley ttom any far 
wise cold sir inBhing in by thera reduces the temperature of 
the warm ascending cnrrent, and consequently reduces also the 
temperature in those fumaceg in nse, by preventing so rapid a 
coiuumptian of the fael. The general anangementa adopted in 
fnmaces contrasted with those required in the open fire, are 
shown in figa. 58, B9, page 82. 

406. If a single furnace be required, perhaps none will be 
fbnnd more generally useful than that represented in tigs. 22 
and 23. Another form is Bometimee adopted (fig. 70), where 
it IB not necessary to adapt it for iron bottles with attached 
tubes for the preparation of oxygen and other gases ; if the 
flue be carried from 10 to 20 feet High, or be led into another 
dumneir, it produces great heat. The numbers express the 




*r 3 inches with a very infusible clay or earthy composition. 
Above is an aperture for an iron pot to contain sand, and other 
openings may also be observed for introducing tubes and diffe- 
rnnt kinds of apparatus. The pipe carrying away the smoke 
mstt he prolonged, or connected with a dumne^. 
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408. All fdmaces where a steady and reflated temperature 
Is required, must be provided witn ash-pit doors^ by which a 
fixed and steady supply of air can be admitted, and regulated 
BO as to produce a powerful or moderate heat. By cutting off 
iltogether the supply of air, the combustion of the fuel may be 
entirely arrested. 

409. Where many furnaces play into one chimney, if it be 
not sufficiently large, only part of them ought to be used at 
the same time. 

410. Besides those furnaces in which the supply of air is 
maintained by a chimney, there are numerous varieties where 
the combustion is supported by the action of air propelled by 
a powerful bellows or some other mechanical power. The 
smith's forge affords the most familiar example of this kind of 
furnace. The cupola is another modification much used in 
melting iron. In the smelting furnace, which is used on the 
large scale in reducing iron and other metals from their ores, a 
powerful engine is employed to force in the large supply of air 
required, in cases where upwards of a hundred tons of mate- 
rlEus may be often observed at a red heat at the same time. 

411. Small portable furnaces, called chauffers^ are found 
very convenient in numerous operations where heat is required ; 
they may be made from 3 to 6 or 8 inches in diameter, and 6, 
8, or 10 mches deep. A chimney put over them increases the 
heat (fig. 72.) Tuoes are often heated with them in the man- 



Fig. 72. 



Fig. 74. 



Fig. 75. 





Fig. 73. 
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ner shown in figs. 73 an^ 74. Occasionally small crucibles are 
perforated and used as chauffers (fig. 75.) 

412. Chauffers are usually filled with red-hot cinders or 
charcoal. Wood heated in a common fire till all flame ceases, 
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nres excellent charcoal for this purpose. When the chauffer 
IS Tery small, charcoal alone is employed. 

413. With 20 or 24 hricks, and a few small slips of narrow 
hoop iron, a chauffer or small furnace may he constructed in a 
few minutes, capahle of giving a good red heat, where the 
usual facilities for operating are not to he obtained,. and where 
a common fire is not accessible. Suppose Fig. 76. 

the bricks to be 5 inches broad and 10 
long, 3 are laid side by side as in fig. 76, 
ana 3 more in the same way, and oppo- 
otte to the first, at the distance of 4 
inches. The slips of iron are placed in 
the middle to support the fuel, and one 
or two courses of bricks laid above them, so as to leave an 
aperture 5 iuches square. If the bricks be laid with moi*tar or 
etay, the current of air will be still stronger, and the heat 
greater. By using small pieces of charcoal, the heat may be 
moderated so as to be employed with flasks and retorts, as well 
88 crucibles. 



PREVENTION OF SMOKE. 

414. In ordinary apartments, the prevention of smoke sig- 
nifies rather the actual discharge of such smoke as may be pro- 
duced in the fire-place by the chimney, than the regulation of 
the process of combustion in such a manner as to avoid in a 
great measure, if not altogether, its production. This discharge 
may be secured by attending to the illustrations given in the 
description of fire-places, stoves, &c., and in the succeeding 
paragraphs on ventilation. The remarks in the following para- 
fl;raphs *Pply ^ different points not included in other chapters, 
but which require minute attention where it is a great object 
to prevent the production of smoke. 

415. In the common fire-place, the amount of smoke pro- 
duced may be diminished by regulating the amount of fuel 
with greater care than is generally taken, supplying it at more 
frequent intervals when particular kinds of coal are used which 
do not allow a large charge to be consumed slowly and equally, 
and by arranging it so that the air shall have free access to the 
smoke and gas as they are evolved ; should they become cold 
before they mingle with the air, it is impossible to ensure their 
combustion by any convenient process. 

416. When fresh coal is placed on a very warm fire in full 
combustion, it removes much heat from it in the first instance, 
that heat being consumed in producing gas and expelling the 
yariouB matters that are discharged either in this co\vdi\.YQrci) ^x 



94 PREVENTION OF SMOKE. 

mechanically suspended in the gases. The word smoke, there- 
fore, indicates an ever-varying: mixture, in which the follow- 
inff substances more particularly may be traced : — 

I. Bituminous matter mechanically suspended in the gaseous 
products, containing numerous oily and resinous compounds. 

II. Carbon also mechanically suspended, and produced prin- 
cipally by deposition from part of the carbureted hydrogen 
gases decomposed by the heat to whirh they are subjected. 

III. Unconsumed carbureted hydrogen gases. Those por- 
tions that are consumed produce flame. 

IV. Carbonic acid gas, formed by the carbon and the oxygen 
of the air. 

V. Carbonic oxide gas, formed by the imperfect combustion 
of part of the caibon. 

VI. Nitrogen gas from the air. 

VII. Unconsumed oxygen in variable proportion. 

VIII. Watery vapour, produced by tne hydrogen of the 
coal and oxygen of the air. 

IX. Ammonia, a compound of nitrogen and hydrogen, 
formed as the coal is decomposed. 

X. Sulphurous acid gas, formed by the combustion of sul- 
phur in tne coal with the oxygen of the air. 

417. Few subjects have attracted more attention of late 
than the means of preventing smoke in ordinary houses, as 
well as in manufacturing operations. The reduction of the 
nuisance from smoke, the economy of fuel, and the prevention 
of Hres in chimneys prone to accumulate soot, have all been 
the subject of mmute practical attention. In many places 
the introduction of soft coke for open lireplaces, and the use 
of anthracite in manufactories, has superseded the necessity 
of further attention to this question, m so far as it has pre- 
vented the production of visible smoke. But in the majority 
of cases the evil is still perhaps most ineifectually controlled, 
or rather not made the subject of special attention, not- 
withstanding the resources wnich numerous inventions have 
brought to bear on this point. These consist principally in 
arrangements for the more equal and continuous supply of 
small portions of fuel to large fireplaces, and of the introduc- 
tion of air at such places, and with such distribution, as shall 
consume the fuel as equally as possible, aided in some cases 
by the action of steam, or of a rotatory or revolving motion 
communicated to the furnace bars. 

418. In manufactories, the combustion of the carbonaceous 
and other inflammable matters in smoke is not always desir- 
able, a deoxidating power being required, which is essential in 
some operations. In all other cases, the more perfect the com- 
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bnstion, the greater the amount of heat produced from the fuel 
used. 

419. When the easeous products dischaiged from any fire or 
fomace are invisible, the combustion may in general be pre- 
sumed to be complete ; this is not always a correct conclusion, 
however, as the invisible carbonic oxide is often evolved, indi- 
cating, where it can be detected, a deficiency in the supply of 
air. 

420. Steam applied to carbon or smoke evolved by imper- 
fect combustion, is decomposed when it approaches them at 
a sufficient temperature, forming with the carbon the invisible 
carbonic oxide and carbureted hydrogen gases ; unless these 
meet with abundance of air, and be sufficiently heated, they 
are not consumed. 



VENTILATION. 

421 . The process of ventilation consists in the renewal of air 
in any apartment, so as to ensure the expulsion of all offensive 
products developed by respiration, combustion, or in any other 
way, and particularly carbonic acid, watery vapour, and efflu- 
viie evolved either from animal or vegetable substcmces, or pro- 
duced by chemical or other operations in buildings applied to 
manufacturing purposes, in mmes, or any situation where the 
most free, direct, and open communication does not exist 
between it and the external air. 

422. In the great theatre of the globe itself, natural ventila- 
tion is sustained by the varied currents induced in the atmo- 
sphere, which not only tend to prevent stagnation in any 
individual place, but also to maintain a great movement conti- 
nually in operation, by which the warmer air of the equatorial 
regions is conveved to the temperate and polar regions, while 
they return a denser and colder atmosphere, which is again 
heated and circulated in the same manner as before. This vast 
movement in the atmospheric ocean is not supposed to be de- 
termined solely for the purpose of moderating tne extremes of 
heat and cold, see par. 181, out it has also been considered that 
the luxuriant vegetation in the brilliant sunshine of warmer 
climes produces generally a purer air, and, in particular, absorbs 
much of the carbon of the carbonic acid which is found in mi- 
nute quantity in the air in every part of the globe, and evolves 
oxygen in its place ; thus giving to the temperate and polar 
T^ions a purer atmosphere than they would otherwise possess. 

423. In the process of ventilation, the principal points that 
demand attention are the following : — ^The ingress and egress 
of air, and the nature of the movmg power ; thA axsLOMnl ^^ 
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supply required ; the source from which the air ought to be 
taken ; the filtration and purification of the air ; the wanning 
or cooling of the air ; drying and moistening ; the degree m 
diffusion that may be required ; the discharge of the vitiated 
air ; and the exclusion of all offensive products from drains or 
other sources which might be liable to injure the usual source 
of supply. 

424. In all ordinary cases, the movement in the air required 
for ventilation may be sufHciently developed by natural causes, 
if one opening sumciently ample be left for the ingress of air, 
and another of the same size be provided for its exit ; a mecha- 
nical power may be used in particular situations, but the heat 
of the body, of lamps, candles, coal gas, fire-places, and fur- 
naces, when in full operation, will be found sufficient, nnder all 
ordinary circumstances, to command the required movement. 
Mistakes productive of the most injurious consequences arise 
in general &om the imperfect arrangements of the moving 
power, and from the supply of air being totally inadequate in 
numerous cases where many persons are Crowded together ih 
public assemblies. In extreme cases, where many people crowd 
closely upon each other, it has been found that there is in 
general one man upon each square foot, or two boys, the 
average age of the latter varying from seven to fourteen. It 
is rarely, however, that such dense crowds are observed, except 
upon a very limited area. 

425. The air ought not to be taken from the surface of the 
ground, especially in damp situations or in cities, as the air 
there is often loaded with foul exhalations. Neither ought it 
to be taken in at the level of the chimney tops in street^ not 
at any particular height where the opening by which it may 
have to enter is on a level with any otner from which offensive 
fumes are evolved. 

426. The amount of air required for each re^iration may be 
estimated at twenty-two cubic inches for an adult ; but as it is 
expired, it mixes with and contaminates so much of the con- 
tiguous air in confined apartments, that twenty cubic feet per 
minute are not considered too large a supply in warm weather. 
The higher the temperature, and the more largely the air is 
charged with moisture or any other extraneous matter, the 
more is required for respiration. Damp air arrests insensible 
perspiration ; very dry air promotes it, and feels offensive from 
the rapidity with which it absorbs moisture. In winter, in 
situations where not more than one or two cubic feet per 
minute are given to each individual, ten, fifty, and one hun- 
dred, are frequently given with advantage in summer. Were 
the expense of warming, moistening, and drying the air not 
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CQDflideTable, it would be proper to give a much larger supply 
in numerous cases than is generally allowed. In the same 
individual, also, great diversity is observed in the amount of 
the air that is most agreeable, not only from the state of the 
external atmosphere, but also according to the condition of the 
system, the nature of the temperament, the occupation that 
may principally engage attention, and the period at which any 
le&cabment may have been taken. 

427> In numerous situations, more especially in populous 
cities, and in the vicinity of certain manufactories, or where 
particular natural impurities may be observed, much may be 
done, by filtration through cloths, to purify the air from im- 
purities mechanically suspended in it, to condense sulphurous 
and other acids by lime-water, and to destroy peculiar conta- 
ins or other deleterious ingredients by the action of heat, 
acids, chlorine, and other chemical agents. 

428. In warming air, the great object should be to heat the 
whole of the air in any apartment moderately, and to avoid 
local currents as much as possible. Air may be obtained com- 
paratively cool by providing various apertures from which it 
may be taken, according to the circumstances of the moment ; 
if tnese be placed so tnat air can always be taken from the 
shaded side of a house, and also cooled by the evaporation of 
water, spread out upon an extensive surface in vaults which 
the sun never penetrates, a very considerable reduction of 
temperature may be secured. 

429. Moisture is communicated with facility to the air by 
the evaporation of water. It is required more particularly 
when cold air that has previously deposited its moisture is sub- 
jected to the action of neat. Lome is much employed in par- 
ticular places for drying air; a few lime-shells placed m a 
damp apartment will in many cases remove moisture so freely, 
that it may be occupied without those injurious consequences 
which it is otherwise apt to induce. 

430. Air cannot be admitted by too many apertures in 
crowded assemblies, or even in private dwelling-nouses. When 
it is admitted by one or a few apertures only, it produces local 
currents such as have been so frequently referred to in the 
preceding chapters. In some apartments lately built, the walls 
and floor have been constructed of porous materials, so as to 
give the greatest diffusion possible, and, consequently, the op- 
][[kMrtanity of introducing large supplies of air with the least 
possible impetus. In class-rooms, churches, and other places 
where fixed benches are constructed for each seat, each individual 
may be supplied with fresh air for his own consumption, instead 
of respiring that which in numerous cases has m part been 
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respired previously by other persons. The diagram shows the 

general progress of the air in a public hall supplied from the 
oor alone, the air escaping Fig. 77. 

throughout its whole extent 
from an air-chamber immedi- 
ately below the floor, in which 
it can be heated to any tempe- 
rature that may be required. 
The warmer the air, and the 
smaller the apertures by which 
it Is admitted, the greater the 
amoimt that can be introduced 
in a given time without pro- 
ducing an offensive impetus on 
the person. 

431. The difiusion of the air 
introduced forms one of the most important features of syste- 
matic ventilation, and becomes more and more imperative ac- 
cording to the crowded state of the apartments to be ventilated. 
Fig. 78 illustrates the general arrangements introduced for the 
ventilation of the present House of Commons, those that prevent 
the ingress of dust not being represented ; 60,000 cubic feet per 
minute are frequently given in this house in very sultry and op- 
Fig. 7a 
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pressive weather. The air in the chimney having been heated 
powerfully and expanded much by the furnace k, cannot oppose 
the colder air in tne apartment, which accordingly presses it 
upwards, and is forced m the same course in its turn : fresh air 
accordingly descends at a, and passes by 6, c, through the aper- 
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tares in the floor, rising in a slow but constant stream to the 
roof, whence it is conveyed to the chimney. Valves are placed 
80 as to allow the rapidity of the current to be regulated accord- 
ing to the quantity of air required. A power is thus obtained 
capable of operating to any extent, and so completely under 
control that it can be adapted to the varying circumstances in 
which it may be applied, while it can also be easily regulated, 
and diminished or increased in an instant with the utmost pre- 
cision. It acts upon air whether it may have previously been 
heated or cooled within the whole ranges of temperature ob- 
served at the surface of the earth, where no unusual circum- 
stances present themselves. 



482. Selenium and boron are similar in their general chemi- 
cal relations to sulphur, phosphorus, and carbon, but are not 
so important, and require accordingly only a short notice in 
this place. 

4S3. Selenium is a dark-brown solid, having a semi-metallic 
lustre. It is insoluble in water, inodorous, and produces a 
strong smell of horse-radish when heated in contact with the 
air. Symb. Se — ^Equiv. 40. 

4d4. Baron is an element which resembles carbon in appear- 
ance and properties. Si/mb» B — Equiv. 11 ! Its most important 
compound is boracic add, which is a compound of boron and 
oxygen. Symb, :B — ^Equiv. 36. 

436. Boracic acid is a white solid, and is fused by heat. It 
is soluble in water and alcohol, and its alcoholic solution bums 
with a green flame. It is obtained by the action of sulphuric 
acid upon borax, which is a biborate of soda. The borax is 
dissolved in four times its weight of boiling water, and sulphu- 
ric acid diluted with four times its weight of water is added 
till the solution is acid, which is ascertamed by litmus paper ; 
it separates in crystals, the sulphate of soda remaining in solu- 
tion. 
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CHAPTER XV. 



CHLORINE, IODINE, BROMINE, AND FLUORINE. 

486. Chlorine is a greenish yellow coloured gas, uninflam- 
mable, but supports the combustion of many substances. It 
was formerly called oxymuriatic add, Symb, CI — Equiv. 36'6. 
It has a pimgent suffocating odour, acts with great energy on 
metals^ and numerous inflammable substances abounding in 
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hydrojQpen. All vegetable and animal colouring matters, and 
offensive effluvis from decomposed animal or vegetable mattei; 
are quickly destroyed by it. Experiments with chlorine and 
its compounds should be performed, so that all the noxious 
fumes may be carried away, which are often very deleterious^ 

437. Heat cautiously in a retort 1 ounce of binoxide of man- 
ganese in fine powder, with 3 ounces by measure of aqueous 
hydrochloric acid ; put the acid first into the retort. CoUeot 
the chlorine gas at the pneumatic trough, having heated tiie 
water previously to 90 degrees ; chlorine is condensed by cold 
water. Remove the retort when the gas comes slowly away, 
to prevent accident from the regurgitation of the water ; tlus 
is apt to take place when the chlorine and the steam accom- 
panying it are absorbed rapidly by the water, 

438. Hydrochloric acid consists of hydrogen and chlorine, 
and two particles of it with one of binoxide of manganese pro- 
duce chlorine gas, water, and hydrochlorate of manmiese, which 
remains m the retort. Symh, 2HCl&:Mn == Cl&-H&HC1-Mn, 

439. If a portion of chlorine gas be required quickly, put a 
table-spoonful of chloride of lime (common bleacning powder) 
into a jar, and pour upon it an equal bulk of aqueous hydro- 
chloric acid, covering the jar lightly with a tray, that part of 
the air may escape. The hydrochloric acid unites with the 
llme« and displaces the chlorine ; procured in this way, it is 
often used for some experiments, but must be considered very 
impure, and is mixed with air and carbonic acid gas. 

440. Kindle a suspended candle, and introduce it int<^ a jar 
of chlorine ; it attracts hydrogen from the inflammable matter ; 
carbon is separated, and the candle bums with a lurid flame. 

441. Into a detonating jar, two-thirds full of chlorine gas, 
introduce coal-gas till it is filled, invert quickly and app^ a 
light ; an explosion ensues, the chlorine takes hydrogen from 
the gas, produces hydrochloric acid, and carbon is deposited, 

4&. Mix equal bulks of chlorine and hydrogen gases in a 
detonating jar, and apply a light ; they combine with explo- 
sion, and produce hydrochloric acid gas. 

443. Pour antimony in powder through a funnel into chlo- 
rine gas ; it takes fire as it combines witn the chlorine. 

444. Introduce copper leaf suspended in an iron cage into 
another jar ; it also evolves heat and light as it combines with 
the chlorine. 

445. Make a solution of chlorine in water, proceeding in the 
manner described in par. 347, page 75. 

446. Add a portion of the solution to water tinged with ve- 
getable blue ; it is immediately bleached, the chlorine decom 
posing the colouring matter by taking hydrogen from it. 
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447* Chlorine is employed in numerous operations of art, 
from the many very valuable properties whicn it presents. It 
Ib used most extensively in combination with lime and water, 
forming then the compound termed bleaching powder. It is 
Bolable in water, and acts most powerfully when an acid is 
added to detach the chlorine from the lime. 

448. Hypochhrous acidy *C1, chlorous add, *:C1, chloric add, 
iiCiy and perchloric add, *::C1, are all compounds of chlorine 
and oxygen which are usually procured by indirect processes. 
They are not much employed in a pure form, but are produced 
in yarious operations when compounds containing chlorine are 
decomposed. 

449. Chlorous add is a transparent and very deep greenish 
yellow coloured gas. It is particularly distinguished by ex- 
ploding with very great violence when subjected to a very 
moderate heat. Sometimes it explodes by the heat developed 
doling its preparation, even when not more than three or rour 
grains are used. It is usually prepared on a very small scale, 
oy introducing four or five drops of aqueous sulphuric acid into 
a very stout glass, and allowing a grain or two grains of the 
chlorate of potassa to fall into it, the operator turning the 
mouth of the tube away from his face, as sometimes an explo- 
sion ensues when the materials come in contact. The gas is 
evolved as the aqueous sulphuric acid unites with the potassa. 
It is formed as part of the chloric acid which is then liberated 
loses one particle of oxygen, every two particles thus evolved 
combining with one of imdecomposed chlorate of potassa, and 
forming perchlorate of potassa. 

450. If hydrochloric acid be poured so as to cover a few 
grains of the same salt, chlorate of potassa, in a test tube, a 
very complicated reaction ensues, and chlorous acid is evolved ; 
it is min^ed^ however, with a large quantity of chlorine. On 
introducmg into the test tube a small wooden match, or a slip 
of paper, previously dipped in oil of turpentine, combustion 
immediately ensues. In this case, the reaction is not violent 
on the small scale, in consequence of the large amount of chlo- 
rine with which the chlorous acid is diluted. A larger portion 
of this gaseous mixture may be produced by mixing a tea- 
spoonful of the salt with the aqueous hydrochloric acid in an 
ale glass. 

451. Chloric add is the principal compound of chlorine and 
oxygen. It is usually employed, in combination with potassa, 
in the form of chlorate of potassa. This salt is formea by the 
action of chlorine water and potassa. 

452. Into an ale-glass put a teaspoonful of the crystals of 
chlorate of potassa^ after filling it with cold. yiaXftT^oaA^Ssa^^ 
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upon them five or six chips of phosphorus, each about the size 
of a pea. Fill a pipette (fig. 79) with aqueous sulphuric acid, 
allowing the acid at first to drop through it, that all air p|g. ^ 
may he expelled, then leave it in the glass, the extre- c:z> 
mitv resting upon the crystals of the chlorate. As the | 
acid slowly descends, it takes potassa froia the salt, and 
disengages a compound of chlorine and oxygen, which 
inflames the phosphorus imder water. 

453. Triturate briskly in a mortar half a grain of chlo- . 
rate of potassa with as much sulphur ; it quickly takes \ 
oxygen from the chlorate, producing an explosion. 

454. Mix two grains of sulphuret of antimony, four of 
sugar, and twelve of the chlorate of potassa, adding the 
latter cautiously on paper after mingling the two firsts 
that there may be no explosion. If this mixture be 
heated, it takes fire at a very moderate elevation of tem- 
perature. If a portion be touched with a drop of strong 
aqueous sulphuric acid, lifted on the end of a slip of glass, 
chlorous acid is immediately evolved, which inflames the 
mixture. 

455. Mix two grains of sugar with four of chlorate of potassa, 
a mixture is obtained which is afl^ected much in the same man- 
ner as in the preceding case by heat and by aqueous sulphuric 
acid, though it is not quite so quick. 

456. In both the preceding cases, when the mixture is in- 
flamed as it is touched by the aqueous sulphuric acid, chlorous 
acid is liberated ; and by its action with the inflammable 
matter of the sugar, the combustion is commenced, which is 
sustained actively by the large quantity of oxygen in the chlo- 
rate of potassa. 

457* All these experiments must be cautiously performed ; 
the gaseous compound of chlorine and oxygen explodes violently 
when gently heated. Many accidents have occurred from 
mixing chlorate of potassa and aqueous sulphuric acid in tubes 
and retorts. 

458. Hydrochloric or muriatic acid is a gas (see page 12), 
which is condensed in large quantity by water, forming the 
common aqueous hydrochloric acid, and is often termed spirit 
of salt. Symb. HCl— Equiv. 36-5. 

459. Heat strong aqueous hydrochloric acid as it is obtained 
from the manufactor}' ; hydrochloric acid gas is expelled from 
it, and may be collected in a flask or bottle as shown in fig. 80. 
When fuU of gas, remove the tube, close the mouth by the 
thumb, and place it, with the mouth downwards, under water 
coloured by vegetable blue ; on removing the thumb, the water 
is forced with great rapidity into the bottle by the preesiire of 
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jtHe air ; the water combines with the gas, and the vegetable 
l^lne is reddened. 

460. Mix two drachms by measure of aqueous sulphuric acid 
in a flask with an equal bulk of water ; when cold, pour it 
upon 200 grains of common salt in a re- Fig- *•• 
tort, €uid apply heat, introducing the 
beak of the retort into a receiver one- 
third full of water, which must be kept 
cold ; the retort should be large enough to 
contain two or three times as much ma- 
terials as are used, and the beak of the re- 
tort, though placed in the water, should 
not be put under it. The sulphuric 
add causes a decomposition of the com- 
mon salt, which is composed of chlorine 
and sodium, and of the water ; chlorine 
from one and hydrogen from the other produce hydrochloric 
acid gas, which is condensed by the water in the receiver. 
Sulphuric acid and soda, composed of sodium and the oxygen 
of the water, remain in the retort, forming sulphate of soda. 
Symb. :S&ClNa&-H = :S-Na&HCl. 

461. Mix aqueous nitric and aqueous hydrochloric acids in 
a flask, and apply heat. Oxygen from the nitric and hydrogen 
from^ the hydrocnloric acid combine and fonn water ; nitrous 
acid and chlorine are then set at liberty. Symb. :iN&HCl = 
•:N&-H&C1. 

This mixture is termed nitro-hydrochhric add, and also aqv4i 
reaiay as it dissolves gold ; it is much used in dissolving metals 
when chlorine is required. 

462. Add a solution of nitrate of silver to a solution of chlo- 
rine or common salt in water, or to diluted hydrochloric or 
nitro-hydrochloric acid ; a white curdy-looking compound 
immediately falls, composed of chlorine and silver ; it assumes 
a dark tint when exposed to the light, and is termed chloride of 
silver, 

463. Iodine Is an opaque solid having a bluish black colour 
and semi-metallic lustre. Symb, 1 — Equiv. 126*5. It melts 
at 227 degrees, and boils at 350 degrees. Though very different 
in appearance from chlorine, it is similar to it in many of its 
properties ; and has a pungent penetrating odour and an acrid 
taste. It is particularly distinguished by the deep violet co- 
loured vapour which it forms when exposed to heat. Iodine is 
dissolved sparingly by water, but in large quantity by alcohol. 

464. Heat a few grains of iodine in a iiask ; a beautiful 
violet-coloured vapour is observed, which condenses slowly in 
crystals. 
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465. Mix a solution of starch with a solution of iodine in 
water ; a blue compound appears — the iodide of starch. Put 
a little into a flask, and pour boiling water upon it till the 
colour disappears; immediately afterwards pour it into cold 
water, and the colour is restored. 

466. Iodine is obtained from sea- ware, after subjecting it to 
a number of complicated processes. A compoimd of iodine and 
potassium is much used for medicinal purposes, and in testing 
several metals. 

467* Add a few drops of a solution of the iodide of potassium 
to starch ; no efiect is produced. Add to the mixture a little 
chlorine water or aqueous sulphuric acid to unite with the 

Eotassium and detach the iodine ; it immediately produces the 
lue iodide of starch. 

468. When iodine occurs in combination with hydrogen, in 
the form of hydriodic acid, it has no action with starch ; but if 
chlorine water or aqueous sulphuric acid be added, the iodine 
is liberated as in the preceding case, and immediately the starch 
is afiected in the usual manner. 

469. Bromine is similar in properties to chlorine and iodine. 
It is the only element that is liquid at natural temperatures, 
with the exception of mercury. It has a deep hyacinthine red 
colour, and produces a ruddy vapour, resembling in appearance 
nitrous acid vapour. Bromine is found in sea-water m combi- 
nation with hydrogen. The saline matter being concentrated 
by the evaporation of the principal portion of the water, chlo- 
rine is added, which detaches the bromine. 

470. Fluorine is an element which has not hitherto been ob- 
tained in a pure form. Its most important compound is hydro- 
fluoric acid, which is a compound of fluorine and hydrogen. 
Hydrofluoric acid, also called fluoric acid, may be prepared by 
adding aqueous sulphuric acid to pulverised fluor spar, which 
consists of fluorine aild calcium ; the fluorine unites with the 
hydrogen of the water, and produces the hydrofluoric acid ; 
the calcium and the oxygen of the water form lime, and Uiis 
combines with the sulphuric acid. It is transparent and co- 
lourless ; it emits fumes on exposure to the air ; it is particu- 
larly distinguished by forming a gaseous compound with silica, 
and cannot therefore be prepared in glass or other vessels in 
which this substance forms a part. It is used for etching on 
glass, but must be employed with extreme caution, as it is 
very corrosive. 
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CHAPTER XVL 



METALS. 



471* Metals are said to be native when they occur uncom- 
bined with other substances; if in combination with other 
bodies, they are said to be mineralised, Metals are seldom ob- 
tained in a pure form in nature ; they are generally combined 
with oxygen, sulphur, or chlorine, and often also with sul- 
phuric, nitric, carbonic, and phosphoric acids. In preparing 
them from the minerals in which they occur, they are said to 
be reduced from their ores. Charcoal is employed to take away 
oxygen ; and lime, carbonate of potassa or soda, or iron, to 
remove sulphur and chlorine. Where there is much earthy 
matter mixed with the ore of a common metal, alkalies, glass, 
or other earths are added, so as to form a fusible compound 
with them, through which the metal may fall ; the substance 
added is usually called a fliuVy as it promotes the flowing or 
melting of the different ingredients which might otherwise 
prevent the particles of the metal from running together. 

472. Metals are distinguished by their peculiar lustre and 
opacity ; many of them are very malleable and ductile, being 
easily extended into thin leaves or drawn into fine wire. They 
are good conductors of heat and electricity, unite with many 
non-metallic bodies, when they lose in general all their lustre, 
and assume an earthy appearance. 

473. Compounds of metals with oxygen, chlorine, and iodine, 
are termed oxides, chlorides^ and iodides. With sulphur, phos- 
phorus, and carbon, the compounds are termed suPphurets, 
phosphuretSy and carburets, Wnen an acid, the name of which 
terminates in ic, unites with an oxide, the name of the acid in 
the compound is made to terminate in ate. Thus, nitric acid 
uniting with potassa produces nitrate of potassa. 

474. The great mass of solid compounds observed at the sur- 
face of the earth may be considered as oxidated metals ; and, 
accordingly, air being a binoxide of nitrogen, water an oxide of 
hydrogen, and the greater number of e£u*thy compounds con- 
sisting of oxidated metals, it may be affirmed that the greater 
mass of the globe consists essentially of oxidated bodies. In 
the interior, unoxidated metals have been supposed to predo- 
minate, but on this speculative point different opinions are 
entertained. 

475. The metals are divided into three great classes : — 

I. KcUigenous metals, which produce alkalies when combined 
with oxygen. 
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II. Terrigenous metals^ which form earths of different kinds 
as they combine with oxyg'en. 

III. Calcigenom or common metah, whose oxides have long^ 
been called calces, 

476. The common metals are further subdivided according 
to the degree of force with which they attract oxygen. 

I. Common metals whose oxides are not reduced by heat 
alone. Of these the following are the most important : — 

Iron Bismuth Arsenic Cerium 

Lead Manganese Vanadium Columbium 

Copper Cbrome Cadmium Tellurium 

Zinc Cobalt Tungsten Titanium 

Antimony Nickel Molybdenum Uranium. 
Tin 

II. Common metals whose oxides are reduced by heat 
alone. This class includes gold, silver, mercury, platinum, 
and other metals of less importance. 

477. Malleable metals can be altered in form, and be made 
to assume different shapes, without losing their continuity of 
form or texture. They are said to be Utminable when they 
can be rolled into plates or beat into thin leaves, and duetue 
when they can be arawn into wires. Separate pieces of some 
metals can be united at a high temperature by mechanical 
means, and formed into any shape, in such cases they are 
said to be welded. Common gold leaf is about the 200,000th 
of an inch in thickness, but silver leaf is only 100,000th of an 
inch thick. 

478. Metals are exceedingly opaque, but would probably 
all transmit light could they be rendered sufficiently thin. 
Gold leaf transmits a greenish light. The tenacity of some 
metals, but more particularly of iron, is exceedingly great. 
An iron wire little more than two-thirds of an inch in dia- 
meter supports a weight of 549^ pounds. The extent to 
which it is now used in the form of anchors, cables, machinery, 
bridges, buildings, wire ropes, &;c., sufficiently demonstrates 
its importance m these respects. Next to iron, the metals 
having the most tenacity are copper, platinum, silver, gold, 
and zinc. 

479. The fusibility of metals is. exceedingly various. Mer- 
cury is fluid till cooled 72 degrees below the freezing-point of 
water; platinum is melted only hj the most intense heat 
which furnaces can command. Lime, common salt, borax, 
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compounds of potassa, soda, and other substances, are constantly 
usea as fluxes in melting metals. They melt on combining 
with different substances in the ore, if they are infusible alone, 
and are employed for different purposes. 

I. To give fluidity to materials with which metals may be 
associated in extractinfl" them from their ores. 

II. To combine, at uie same time that they melt, with vari- 
ous ingredients in combination with the metaJs. 

III. To spread oyer the surface of metals, and exclude the 
action of the air. 

480. In reducine metak from their ores, one metal is often 
mixed with metaUic compounds, so as to take the place of 
others, and separate those that are most valuable. Li other 
cases metals are extracted from various combinations by gal- 
vanic arrangements. (See page 49, par. 219.) 

481. In the principal chemical changes into which they 
enter, metak are prone to combine with oxygen or other sub- 
stances, before they combine with non-met^lic compounds; 
acids, in particular, do not combine with metals when they are 
not previously united with other bodies. Metals lose their 
brilliant lustre, and generally present the appearance of earthy 
substances, when they combine with non^metallic bodies. Metals 
unhmg with each other form alloys^ and retain their lustre. 
AmatjfOipis are metallic compounds containing mercury. 
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CHAPTER XVII. 

POTASSIUM, POTASSA, NITBATE OF POTASSA. 

482. The most important kaligenous metals are potassium 
and sodium^ which, with oxygen, form potassa and soda. These 
have been termed ^ai alkalies, as they are not easily converted 
Into vapour, but ammonia, the volatile alkali, is a gas at natu- 
ral temperatures. The alkalies turn vegetable blue to green, 
yellow turmeric to a reddish-brown, corrode animal and vege- 
table substances, and form soaps with oily and fatty substances. 
Lithium is the name given to another alkaline metal which is 
comparatively rare, and has not as yet been applied to impor- 
tant purposes. 

483. Potassium is procured from potassa, by heating it 
powerfully with charcoal or iron ; the process requires much 
attention; none who -are not well acquainted with chemical 
manipulation should attempt to prepare it. 

484. Potassium is particularly distinguished by ita ^y±tw!OA. 

H 
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lightness, hayinff a less specific gravity than water, so that it 
floats upon it when it^ is Drought in contact with it. It is a 
very powerful chemical agent, having a great force of attrac- 
tion, and entering into various comhinations with the evolution 
of heat and light. 

485. Throw a grain of potassium upon water ; it takes fire 
and hums upon the surface of the water ; potassa is formed, 
which is quickly dissolved. 

486. Boil, in an iron gohlet, 1 pound of newly slaked lime, 
in fine powder, with an equtd weight of carbonate of potassa 
and 10 pounds of water ; the carbonic acid unites with the 
lime, the potassa is left in solution. Put the mixture into an 
earthen or glass funnel, obstructed by a few fragments of glass 
and a piece of linen cloth ; collect tne solution in bottles as it 
escapes, drop by drop. Exclude it, during its preparation and 
afterwards, carefully from the air, otherwise the potassa attracts 
carbonic acid. 

487. Fused potassa (common caustic) is procured by evapo- 
rating the solution, and fusing by an increased heat the ary 
matter that remains. 

488. Add a solution of potassa, of the carbonate of potassa, 
or of the bicarbonate, to water tinged with vegetable blue ; a 
fine green is perceived. Add, drop by drop, aqueous sulphuric^ 
nitric, or hydrochloric acid, to the green liquid ; the acid com- 
bines with the alkali, and the blue colour is at last restored. 
Similar experiments may be performed with other acids. 

489. The quantity of potassa in pot-ashes or pearl-ashes is 
ascertained in the above manner, every 49 grains of aqueous 
sulphuric acid required to restore the blue colour in a solution 
of the alkali tinged by the colouring matter of the cabbage. 
Indicating 48 of potassa r= K 4- 0. As acids and alkalies com- 
bine, they lose tneir causticity as well as their power of afi^ect- 
ing vegetable colours, and are said to neutralise each other. 

490. Bum a few small pieces of wood, collect the ash that 
remains, pour water upon it, and add vegetable blue. Potassa 
is found m solution, which turns the blue to a green. The pot- 
ashes of commerce are prepared from the ashes of burned wood. 

491. Expose pearl-ashes (impure carbonate of potassa) to 
the air in a cup or plate, it soon deliquesces. (See page 26, 
par. 114.) 

492. Heat an ounce or two of nitre in a crucible ; it soon 
melts, and if heated much, oxygen escapes, but no combustion 
is observed. While red-hot, pour upon it small successive 
quantities of sulphur and charcoal in fine powder, avoiding the 
fiiines ; the charcoal and sulphur bum quickly as they receive 
oxygen from the nitre. 
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493. Throw some nitre upon red-hot cinders ; they bum 
with great rapidity. 

494. Dissolye nitre in boiling water, so long as any is taken up ; 
crysUds of nitre in si^-sided prisms appear as the solution cools. 

495. Dip paper into the solution which remains above the 
crystals, dry i^ and apply a light ; it bums quickly, forming 
common match-paper. 

496. Mix intimately 75 grains of nitre, 15 of sulphur, and 10 
of charcoal. The mixture deflagrates like gunpowder when 
heated ; machinery is required to give it the granular appear- 
ance of gunpowder. 

497. Mix 600 grains of nitre, 200 of sulphur, and 100 of sul- 

Ehuret of antimony. This mixture is termed the blue signal 
ght, which is seen, when inflamed, at a great distance. 

498. Nitre occurs in the soil in India, and is also formed 
artiflcially. In all deflagrating mixtures containing nitre, 
oxygen is rapidly transferred from the nitric acid to the 
inflammable matter. 

499. Heat bitartrate of potassa {cream of tartar), consisting 
of tartaric acid and potassa, in a crucible ; it is soon blackeneo, 
as the tartaric acid is decomposed. A small quantity held on 
a slip of glass presents the same appearance. Water poured 
upon the black matter dissolves the potassa ; it may be tried 
by the vegetable blue, which becomes green as before. 

500. Heat in the same manner equal weights of cream of 
tartar and nitre ; the potassa of both remains united with car- 
bonic acid, which is formed as the carbon of the tartaric acid 
unites with oxygen from the nitric acid in the nitre. In this 
manner very pure carbonate of potassa is formed. 

501. Add a solution of tartaric acid to a strong solution of 
any salt of potassa ; crystals of cream of tartar soon appear. 
Crean^ of tartar is usually procured from the juice of the grape 
being deposited in crystals.* 
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SODA. 



502. Soda = sodium 24 + oxygen 8. Sodium and soda are 
similar to potassium and potassa in all their leading properties. 
Soda is obtained principally from common salt and aqueous 
sulphuric acid, when the changes described in 640 take place. 

* See experiments described under Chlaric ilcid, vdiOl OA^xaX'^ ^\ ^^NASsa.^Nisw 
101. 
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The sulphuric acid is withdrawn afterwards, and replaced hy 
carbonic acid on heating the sulphate of soda with charcoal €uid 
chalk. Water dissolves the carbonate of soda, which is then 
crystallised, forming the compound usually termed soda. 

503. Kelp and barilla are the ashes that remain after burning 
sea-ware. Soda has long been extracted from them by the 
action of water. 

504. Ghlaride of sodium or common salt = S5*5 chlorine + 
23*5 sodium =: 59. When procured by evaporating sea-water 
slowly by the action of the sun in warm climates, after allow- 
ing it to overflow fields from which the sea is afterwards 
excluded, it is termed bay salt. Pan salt is obtaiued by boiling 
rapidl;^ sea- water in an iron pan. Bock salt is the term applied 
when it is dug out of salt mmes, many of which, of great ex- 
tent, and containing often very pure salt, are found in different 
parts of the globe. 

505. Common salt crystallises in cubes, which are often asso* 
ciated so as to form hollow pyramids. 

506. Throw some crystals of bay salt upon a red-hot plate of 
iron, they fall in pieces quickly with a loud decrepitating noise ; 
the experimenter must avoid the fragments as the crystals 
break. 

507. Dissolve common salt in boiling water, and add a solu- 
tion of carbonate of soda ; if common salt be pure, no effect 
appears, but if any magnesia be present, it soon appears as a 
white powder. 

508. When magnesian salts are mixed with common salt, 
which is often the case, it is very apt to attract moisture, and 
acquires a bitter disagreeable taste ; it is also much less fit for 
curing meat. 

509. Biborate of soda, or borajp, contains two particles of 
boracic acid and one of soda, with water of crystallisation. Heat 
200 grains in a crucible capable of holding 800 ; the water is 
expelled ; the dry borax is fused into a transparent and colour- 
less glass. 

510. Mix a teaspoonfiil of powdered borax with an equal 
bulk of aqueous sulphuric acid in an evaporating basin ; &dd 
half an ounce of alcohol. Heat the mixture and kindle the 
alcohol ; the sulphuric acid unites with the soda, and the alco- 
hol bums with a beautiful green flame, in consequence of the 
presence of the boracic acid. 
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CHAPTER XIX. 



AMMONIA/ 



611. Ammonia 17 = nitroeen 14 + hydrogen 3 = NH^. A 
gaseous compound, alkaline l&e potassa, and often termed spirit 
of hartshorn, heing formed when the horn of the deer and most 
animal suhstiances are heated, the air being excluded ; it is also 
formed in large quantity durinc; the preparation of coal-gas. 
It is usuallv combined with hydrochloric acid, from whicn it 
is separated again by lime, to prepare it free from the offensive 
odour of animal matter, which at first it always presents. 
Being condensed in large quantity by water, it is usually 
employed in combination with this substance. 

612. Heat half an ounce of strong aqueous ammonia in a 
small flask, receiving the gas, whicn is lighter than air, in 
another flask, as in ^g, 81. The air is soon expelled, and then 
the flask must be removed, proceeding as described in 459. The 
coloured water is forced with great rapidity into the flask by 
the pressure of the air as the ammoniacal gas combines with it, 
and immediately becomes green. 



Fig. 81. 



Fig. 88. 





518. Put a drachm of strong aqueous hydrochloric acid into 
any flask, vase, or bottle, and a drachm of strong aqueous am- 
monia into another, then connect them by a tube passing 
through a cork which fits the bottle (fig. 82.) White fumes 



* Ammonia is inserted here, though it contains no metallio xnattec ^ «& V&V^^^srj 
similar to the alkalies in most of its properttoa. 
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of hydrochlorate of ammonia, or sal-ammoniac, immediately 
appear. 

514. If no apparatus peculiarly adapted for the preparation 
of ammonia can be procured, mix 150 grains of hydrochlorate 
of ammonia with 100 of slaked lime in fine powder ; heat the 
mixture in a glass retort hy a lamp or chauffer, and condense 
the gas in a receiver half full of water. Shake the receiver 
fi^quently, but always keep the beak of the retort out of the 
water. 

515. Hold test papers above aqueous ammonia ; the ammo- 
niacal gas escaping nom the aqueous ammonia, affects them in 
the same manner as alkalies. Expose them to a very gentle 
heat, the ammonia is expelled, and the original colour is 
restored. 

516. Prepare sulphureted hydrogen gas in a phial with a 
bent tube (fig. 83), passing the gas into an ounce ^-^ 

of common aqueous ammonia contained in another ^r " -^ 
phial ; a large quantity combines with the ammo- 
nia ; the solution is now termed hydrosulphuret of 
ammoniay and is often much used instead of sul- 
phureted hydrogen gas in testing metals. 

517* Dissolve oxalic acid in water, and add car- 
bonate of ammonia till the solution no longer red- 
dens the blue test-paper ; the oxalic acid unites 
with the ammonia m the carbonate, expelling the carbonic acid 
with effervescence. 

518. Heat a little of any salt suspected to contain ammonia 
with an equal bulk of slaked lime in a test-tube ; ammoniacal 
gas is expelled if any be present, and may be recognised by its 
odour, or by the white fiimes it produces when brought in 
contact with a rod dipped in hydrochloric acid. Soda or potassa 
may be used instead of lime. 
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CHAPTER XX. 

LIME. — PLASTER OF PARIS. 



519. Earths are jcomposed of metals and oxygen, in the same 
manner as the alkalies, potassa, and soda ; four of them, lime, 
baryta, strontia, and magnesia, resemble alkalies ; but they are 
not fused by heat, they are less soluble in water, less caustic, 
and form insoluble compounds with carbonic acid. 

520. Limestone^ chaOc^ marble^ and calcareous spar^ are com- 
posed principally of carDonic Acid and lime, and are called oar- 
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bwMUes of lime. Heat a few £ragments of limestone or marble 
in an open fire ; 50 parts of pure carbonate lose 22 of carbonic 
acid gas, and 28 of lime remain. In this condition it is termed 
quick lime^ or burned lime. 

521. Dip the quick lime into water, remove it immediately, 
and cover it. It soon swells, and falls to powder, combining 
wiUi the water it had absorbed; the compound is termed 
slaked lime^ or hvdrate ofUme. 

522. Put a table-spoonful of slaked lime into a beer bottle 
nearly full of water ; shake the bottle, and allow the undis- 
solved lime to subside ; or filter, excluding the air, if a solution 
of lime be quickly required. It is termed lime-water. Try it 
with vegetable bme and turmeric in solution ; it affects them 
in the same manner as alkalies. 

523. Expose lime-water in any vessel to the air; it soon 
attracts carbonic acid, and a crust of carbonate of lime appears 
upon the surface. Mortar used in building is composed of sand 
and lime mixed with water, and hardens as the lime attracts 
carbonic acid. 

524. Put 1 or 2 ounces of lime-water into a glass jar, and 
add carbonic acid water (347) ; carbonate of lime falls ; add 
more carbonic acid water, and the carbonate is dissolved. 
Many natural waters contain lime dissolved by excess of car- 
bonic acid ; exposed to the air, the excess escapes, and carbonate 
of lime is deposited, encrusting with a stony matter any sub- 
stance upon which it may fall. 

525. Pour aqueous hydrochloric acid diluted with twice its 
balk of water upon fragment of carbonate of lime, so long as 
any effervescence appears. The changes described in 344 take 
place. Any mineral which dissolves with effervescence in 
diluted hydrochloric acid, and which fives a mass that slacks 
like lime, after heating to redness for some time, may be 
regarded as a limestone. 

526. Take the solution of hydrochlorate of lime prepared as 
above (525) ; pour a portion into five or six wine-glasses ; leave 
one as it is, and add different quantities of water to the rest. 
On mixing aqueous sulphuric acid with each, different pheno- 
mena are presented. Where no water is added, the mixture 
becomes solid, sulphate of lime falls, composed of sulphuric 
acid and lime ; hydrochloric acid gas escapes, which must be 
avoided. In the others, the hydrochloric acid is retained by 
the water, and the sulphate of lime is precipitated, unless a 
large quantity of water be present to dissolve it. 

527. Mix with water powdered sulphate of lime (which has 
been heated previously to expel water) so as to form a thick 
fluid like cream. Put it in this conation VnXA wgi'^ tclqjk^^ <^'& 



114 BABTTAy gTBONTIA, AND MA0NB8IA. 

upon any coin, so as to take an impression ; it nadnally com- 
bmes with the water, and forms a solid compound. The powder 
is usually termed plaster of Paris, as the mineral from which 
it is made abounds at Paris. 

528. Add a solution of carbonate of soda to a solution of 
hydrochlorate of lime ; carbonate of lime falls, the other sub- 
stances remain in solution. 

529. Add oxalate of ammonia to any solution of lime, n^i- 
tralisin^ it at first with ammonia if it be acid ; oxalate of lime, 
which IS very insoluble, immediately appears. 

530. Hydrochlorate of lime in powder attracts moisture 
quickly from the air, and is much used in drying gases. 

531. Chloride of lime is formed by exposing slaked lime in 
powder to chlorine gas. Water dissolves it abundantly, and 
the solution is mucn used as it abounds in chlorine. The 
chlorine acts most effectually when acids are added to detach 
the lime. 
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CHAPTER XXI. 

BARTTA, 8TR0NTIA, AND MAGNESIA. 

532. Baryta is similar to lime, and is used principally as it 
detects sulphuric acid when added to any solution containing it. 

533. Strontia also resembles lime. It is used in the prepa- 
ration of deflagrating mixtures, where a bright crimson light 
is required. Mix hydrochlorate or nitrate of strontia with 
alcohol in an evaporating basin or metallic cup, inflaming it, 
and heating the mixture. The alcohol bums with a crimson 
tint. A large sheet of paper dipped in the mixture and inflamed, 
shows the tint very distinctly. 

534. Magnesia is found in bittern, the liquid that remains 
after boiling down sea-water for the preparation of common 
salt ; it is there combined principally witn sulphuric and hy- 
drochloric acids. It is also found in some varieties of limestone, 
and in many natural waters. Magnesia is mild compared with 
the preceding earths, and does not corrode animal substances, 
so that it is often given medicinally to neutralise acids. It is 
very sparingly soluble in water. 

535. Sulphate of magnesia, or Epsom salts, contain sulphuric 
acid and magnesia ; they are prepared by crystallisation from 
bittern, or mm natural waters m whicn it abounds. Many 
fatal accidents occurring frequently in consequence of its being 
loJsiakeo for Epsom salts (sulphate of magnesia), the following 
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characters ought to he studied experimentally ; the last two 
may he seen hy putting the materials in small quantity upon 
a sup of glass, adding we tests in solution. 

Tests. Ozalio Add. Sulphate of Magnesia. 

Taste, Acid, Bitter. 

On red-hot cinders. Dissipated, White mass left. 

Y^tahle hlue. Reddened, No efFect. 

AlEfdine carhonates. Effervesces, White precipitate. 

Symb. of owaiic acid. :C2=:03 + c2,or = -C + :C=36. 
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CHAPTER XXII. 



ALUMINA. — SILICA. 



586. Alumina, or oxide of aluminum, ahounds in cla^, and is 
distinguished &om preceding earths by its insolubility m water, 
and hy being soluble in a solution of potassa. When uncom- 
bined, it is insipid and inert. 

537. Alum is one of its principal compounds, and contains 
alumina, potassa, sulphuric acid, and much water of crystal- 
lisation. Its solution reddens litmus, but scarcely affects 
cabbage. 

588. Add a little ammonia, potassa, or soda, to a solution of 
alum ; it unites with part of the acid, and the alumina falls. 

539. Heat alum in a red-hot iron cup ; it soon melts, water 
of crystallisation is expelled, and a spongy mass is obtained, 
termed burned alum» 

540. Common clay may be fused by a sharp heat, and be- 
eomes red before it melts, the iron it contains attracting 
oxygen. 

541. Fire-clay is less fusible, and is used in preparing bricks, 
which may be exposed in furnaces to a strong heat. Fine 
varieties of clay are used in the manufacture of cruciblesy 
pottery-ware, and porcelain. 

542. Silica consists of silicum 22 -f- oxygen 8 ; it is, like 
alumina, a very abundant earth, constitutmg the principal 
ingredient of flint, of the sand of the sea and of the desert, and 
of many rocks and minerals. Quartz is composed of silica 
nearly pure. Silica, in its ordinary form, is insoluble in water. 

543. if sand or any siliceous compound, such as glass, be 
mingled with aqueous sulphuric acid and fluor spar (par. 470, 
pa^e 104), the hydrofluoric acid that is disengaged on the appli- 
cation 01 heat combines with part o£ \)[i^ si!!a<cab) «sA \\sns&^ 
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transparent colourless acid gas. It produces fumes when ex- 
posed to the air, but is particularly distinguished by the man- 
ner in which it is decomposed if mtroduced from the beak of 
a retort in water, the hydrofluoric acid combining with the 
water, while the silica is separated in the solid form. The 
experiment may be performed with a small glass retort con- 
taining 100 grams oi each material. The retort is generally 
corroded in one or two operations. 

544. Mix intimately 200 ^ms of fine sand, and 600 of pure 
carbonate of potassa ; fiise the mixture in a crucible capable of 
containing four times as much. Carbonic acid escapes, the 
silica and potassa combine and produce glass. Pour out the 
glass, whicn is commonly termed silicated potassa, on an iron- 

Slate, and dissolve it in water, the large quantity of alkali ren- 
ering it soluble in this fluid. The compound formed in this 
manner constitutes pure silica soap, having all the detergent 
properties of common soap ; it is more active than ordinary 
soap, and leaves a harsh feeling upon the hand. Common silica 
soap is mixed with a considerable portion of common soap, 
and occasionally with sand. 

545. Add to the solution hydrochlorate of ammonia, also in 
solution. The hydrochloric acid of the hydrochlorate unites 
with the potassa of the glass, and the silica falls. 

546. With less alkali, glass is formed insoluble in water. 
Common bottle glass is made of coarse sand, and any alkaline salt 
or earthy matter which can render it fluid when heated. Plate 
and window glass are made with purer sand and alkali. Flint 
glass is coniposed of similar materials, with the addition of 
oxide of lead, which gives more weight and lustre to the glass, 
and also allows it to be worked at ia reduced temperature. 

547. Coloured glasses are formed by heating glass with various 
metallic oxides. Cobalt gives a fine blue ; with manganese 
an amethystine tint is seen. Gold produces a ruby colour; 
copper and chrome give green. 

548. All vessels made of glass must be cooled slowly after 
they are made, or annealed, as this is termed, otherwise they 
are very easily broken. When a piece of anjr fused rock or 
glass is cooled with extreme slowness from a high temperature 
till it becomes solid, it crystallises, and presents the appearance 
of a stone. But if cooled quickly, a glassy substance is ob- 
served. 
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CHAPTER XXIII. 



COMMON METALS. — ^IRON. 



549. This, the most important of the metals (see par. 21 , 
page 10), is found in a great variety of forms at the surface of 
the glohe, and is ohtained principally from various ores in which 
it is combined with oxygen. Ijiese are sometimes nearly pure, 
and then, by the action of carbon alone, the metallic iron is pro- 
cured^ as the carbon removes oxygen on the application of heat. 
In this country the ores more commonly employed, which are 
termed clay-iron ores, require the addition of lime, which forms 
a fusible compound with the other earthy matter in the ore, 
tlurough whicn the iron falls with facility when the carbon 
has removed the oxygen. 

560. In many places the air propelled into the furnace for 
preparinj^ the iron is heated previously by passing it through 
red-hot iron pipes. If cold air be blown into a furnace, its first 
effect is to cool the fuel and other matters with which it comes 
in contact, at the very point where the greatest intensity of 
heat is required, however great the heat may be that is a^er- 
wards developed. When the air is heated previously, the 
greatest intensity of heat is produced at the point where it is 
most important that the temperature should be as high as pos- 
eSble. when air at ordinary temperatures is used, the fiimace 
is said to be a cold blastfurnace, but when warm air is employed, 
it is called a hot blast furnace. In all blast furnaces the great 
intensity of the heat fuses all the earthy substances, which are 
ran off from time to time in a liquid form, these consolidating 
as they cool into a glassy or stony-looking mass usually termed 
slag. The melted iron which accumulates at the bottom of the 
furnace is also allowed to run out from time to time by tap- 
ping the furnace, being received into numerous furrows made 
m sand ; from these it acquires the form in which it is usually 
observed. 

551. Pig, or cast-iron, is the term commonly given to iron 
as it is prepared from the clay-iron ore. It is more britUe and 
fiisible than pure iron, in consequence of the presence of alu- 
minum, silicum, and carbon in small proportion. It varies 
much in stren^h and fusibility, accordmg to the source from 
which the ore is obtained, and the manner m which it is treated 
at different iron- works. White cast-iron is much harder and 
more brittle than grey cast-iron. 

552. Malleable iron, termed also soft^ toroug^t, or jV/r^ed. Vr^tv^ 
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is prepared from common cast-iron by different operations. It 
is melted in the refining furnace, where a considerable quantity 
of impurities is separated. It is then transferred to the puddling 
furnace, a particular kind of reverberatory furnace (par. 39^ 
pa^e 86), where, after being melted, it is stirred assiduously 
till it becomes reduced to a solid form, presenting the appear- 
ance of a very coarse-looking granulated mass. By increaedng 
the heat, it is then formed into balls, diminishing in fusibi^^ 
as it increases in tenacity and purity. Lastly, b^ hammeriBfi 
it, and pressing it between rollers, the more fluid impuritaeft 
still adhering to it are squeezed out, and it then forms the 
malleable iron of commerce. 

553. Where a very pure oxide of iron is obtained at first, 
malleable iron is at once procured when the oxygen is removed. 

554. Steel consists of iron and a small portion of carlxm, 
varying from 100th to 150th part of its weight. It is usually 
formed by the process of cementation^ an operation in which 
malleable iron, embedded in charcoal, is exposed for several 
days to a steady heat in a furnace. Steel is particularhr dis- 
tinguished by the extreme hardness which it acquires, if it be 
cooled suddenly after exposing it to heat. The tempering of 
steel consists in cooling it after exposing it to a particular tem- 

Eerature, so that it may acquire as it cools that particular qua- 
ty or texture which may adapt it more especially for the 
purpose to which it is to be applied. 

555. Iron is a metal which is extremely prone to rust when 
it comes in contact with air and moisture. In air absolutely 
dry, and in water absolutely free from air, it undergoes no 
change ; but when both act upon it at the same time, the 
absorption of oxygen is rapid, particularly if any acid be 
brou^t in contact with the mixture. Even carbonic acid ie 
poweifdl in promoting the oxidation of iron, if mingled with 
the water brought in contact with the iron. Iron becomes still 
more liable to rust and decay, if it be at the same time made 
to touch another metal such as lead, which induces a galvanic 
action that facilitates the absorption of oxygen. But iron 
brought in contact with zinc, and even a solution of the hydro- 
chlorate of zinc, resists the oxidating influence of the air. 

556. Put a teaspoonful of iron-fllmgs on a plate, moistening 
them from day to day till they become rust^ by attracting 
oxygen from the air, and a little carbonic acid and nitrogen. 

557. Moisten a similar quantity in any flask or jar, and pom 
cautiously an equal bulk of aqueous nitric acid upon them. Ii 
is rapidly decomposed ; nitrous acid escapes, and the iron ii 

oxidated. 
SS8. Prepare a cofl of thin iron-wiTe) Ue a thread at th< 



ertremitv, dip it in melted Bnlphur, inflame it, and introduca 

it into d iKittomless bottle of osygen, after pb.si. 

pUctng it in a bada with water, as in fig. ^^ 

U, witil a plate of iron, or some sand, be- ^^pC^ 

low. The iron oxidates, the oxide melting f K 
and faUiug through the water. ^ 

569. Mix, in a flask or jar, the materiala (§ 

eniploTed in preparing hydrogen, using iron P 

instoact of zinc. (See 248, 249, and 2d9.) B 

FUter the liquid procured, and, if no crys- ^:T- ----'' ^^ 

tata appear, evaporate the Holntion, and Bet tl'Sp^Sl!^ 
it amde, that green crystals of tulpkate qf 
iron may he formed. 

660. The black oxide of iron, called by many the oxide, is a 
combination of the oxide with the peroxide ; the oxide is ob- 
tained with difficulty in a pure form, on account of its tendency 
to absorb oxygen irom the air. Fill a crucible half fiill of 
oiystals of sniphate of iron, and expose it to a dull red beat, 
red oxide of iron, called also perowide, remains ; the oxide in 
the sulphate attracting oxygen from port of the acid as it is 
expelled by the beat. 

661. Compounds of the oxide with acids are osually green, 
bnt the red oxide, which is nearly the same as rust, produces 
reddish compounds. Mix an ounce, by measure, of aqueous 
hydrochloric acid with six ounces of water and a small table- 
^oonful of the red oxide in a flask; keep the mixture in a warm 
place for some hours, shaking it occasionally, and filter it after- 
wards, to separate the solution from any excess of iron. The 
eomponnd is termed perhydrochlorate of iron. 

662. Mix 600 grauis of flour of sulphur with lOOO of bright 
inm-filings in a Florence flask, and heat it on a chauffer of red- 
hot cinders. Heat and light are evolved as they combine, and 
mlphoret of iron is formed. 

663. Dissolve 60 grains of sulphate of iron {green mtrid) in 
2 ounces of water, and pour a few drops into 6 glasses, jars, or 
flasks, previously filled nearly full of water, 

I. Into one pour potassa in solution ; oxide of iron falls, 
combined with water. Expose it to the air ; it slowly attracts 
qiKygBD, and becomes rust. 

n. To another, add carbonate of potassa ; carbonate of iron 
'aUs. 

III. Add a little of the third to a ki^e quantity of lime- 
water ; oxide of iron is again precipitated. 

IV. Add ferroprussiste of potassa in solution to the fourth. 
(See 4.) 

V. Add to the fifth a drop of hydtoB«\p\«rtft\. (A * 
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sulphnret of iron is precipitated. HS + NH^ & -S'Fe =s 
SFe&-H&:S+NH3. 

564. In all these experiments, the solphuric acid remains 
in solution with the alkali or earth in the precipitating sola^ 
tion employed. 

YI. Add an infusion of galls to the sixth ; gallate of iron, 
the colouring matter of inl^ slowly appears. 

565. Dilute a little ink with water, and add chlorine water 
or oxalic acid ; the colour disappears. 

566. Repeat all these experunents, using a solution of the 
perhydrochlorate of iron diluted in the same manner as the 
sulphate. Obsepve the difference of tint in most of the preci- 
pitates formed from this solution. 

LEAD. 

567. Lead is a malleable and sectile metal, of a bluish-grev 
colour. It is employed in numerous processes of art, and is 
very generally used for protecting roofs, conveying water, and 
lining cisterns containing it. It is speedily oxidated by expc^* 
sure to air and heat, and some waters corrode it rapidly, while 
others exert little or no action upon it. (See par. 228, page 52.) 
Minute quantities of different salts protect tne lead irom cor- 
rosion, 1 part of sulphate of soda in 4000 of water, or 1 part of 
phosphate of soda in 27,000, being sufficient for this purpose ; 
m these cases, the phosphoric and sulphuric acids form com- 
pounds with a minute quantity of the lead, which adhere so 
tenaciously to it that they prevent further corrosion. 

568. Lead also is particularly distinguished by the poiaonouB 
properties observed m many of its compounds. Few substances 
nave proved more noxious in this respect than sugar of lead ; 
in many cases death might have been prevented had the pro- 
perties of this substance been known. It may be recognised 
with facility by merely heating a small portion about the size 
of a pea over the flame of a lamp or candle, when the follow- 
ing appearances are successively observed: — Fusion, boiling 
(from the water of crystallisation escaping), after which a dry 
white mass is left, dry fusion, escape of acetic acid, producing 
a smell of vinegar, the fused material becoming successively 
black and brown, and ultimately taking fire ; aiter which red 
and yellow oxides of lead, ana metallic lead, may then be 
observed. 

369. Heat lead to redness in a crucible or iron ladle ; it soon 
oxidates if exposed to the air, and the oxide melts. Red osidCf 
or yelhvD oxide of lead, in powder, b obtained if it be cautiously 
heated without beiiuK fused. Observe the beautiful irldeacenca 
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as, on remoTliig the oxide from the snrface, a fresh portion of 
metal is exposed to the air. 

570. Dissolve 200 grams of acetate of lead (sugar of lead) in 
44 onnces of water, fiUer it, and pour a part into twelve different 
gfajsses. To the first six add the re-agents descrihed in par. 563, 
page 119. Potassa and lime separate the oxide. Carhonate of 
potassa gives carbonate of lead. The hydrosulphuret of ammo- 
nia gives black sulphnret of lead, and is much employed in 
detecting this metal in solution. All the other substances 
produce white precipitates. 

571. To thf> seventh glass add sulphuric acid or an^r sulphate 
in solution ; ^hite sulphate of lead falls. To the eighth add 
hydrochloric acid or any hydrochlorate ; white chloride of lead 
appears. With the ninth mix a solution of iodide of potassium : 
yellow iodide of lead is precipitated. To the tenth add a solu- 
tion of chiomate of potassa ; yellow chromate of lead is preci- 
pitated. 

572. In the eleventh put a small fragment of zinc ; it takes 
away all the acetic acia and oxygen, and lead is slowly de- 
posited in crystals. The last experiment may be varied by 
diluting the solution with an equal bulk of water, placing it 
in a narrow glass, and suspending the zinc at the top of the 
solution. The lead appears in an arborescent form, producing 
what is commonly termed the lead tree. 

573. Acetic and nitric acids act most powerfully on lead, 
corroding it, and forming compounds soluble in water. Oxide 
of lead is used in glazing pottery ware, and is often dissolved 
by vinegar or other acescent suostances, which then become 
poisonous. Sulphureted hydrogen gas alone, or in combination 
with ammonia, is used to detect lead (570.) Waters abound- 
ing in carbonic acid corrode lead, and become unfit for daily 
use when kept in leaden cisterns. 

COPPER. 

574. Expose copper to a dull red heat for half an hour, 
allowii^ tne air to play freely upon it, and then plunge it 
suddenly under water; the oxide formed on the surface is 
speedily separated, and the metal presents its proper metallic 
lustre. 

575. Put several slips of copper into 2 drachms of nitric 
acid, diluted with twice their bulk of water. The copper 
is quickly dissolved, part of the acid communicating oxygen, 
the rest combining with the oxidated metal. 

576. Put a plate of iron into a solution of sulphate of copper 
(blue vitriol). The corner 8:'2>ears in the TadoWv^ ^o»i(». ^^t^^ 
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iron uniting with all the acid and oxygen previously combined 
with it. 

677. If fragments of zmc, or a few iron nails, be boiled with 
any solution of copper in an acid, the whole of the copper is 
soon precipitated. 

678. Add a little ammonia to a solution of copper ; the oxide 
is immediately precipitated ; on adc^ig more, the liquid 
assumes a deep blue colour, and the oxide is dissolved. Copper 
and brass vessels (brass consists of copper and zinc) are n^ 
quently corroded when incautiously used in some culinary 
operations ; as its solutions are poisonous, liquids suspected to 
contain it ought to be tested W addnig ammonia to them, 
observing if a deep blue colour be produced, which indicates 
the presence of copper. 

679. Arrange six glasses, each contaming a solution of sul- 
phate of copper, prepared in the same manner as the sulphate 
of iron solutions described in 663. Add to them the tests di- 
rected to be applied to the sulphate of iron ; similar changes 
take place, but the tints are different. 

ZINC. 

680. Zinc is a brittle metal, having a white colour with a 
shade of blue. 

681. Heat a few fragments of zinc to bright redness in an 
open fire, or in a crucible. The zinc is soon converted into 
vapour, and bums with a brilliant flame as it acts on the oxygen 
of the air. 

682. Melt 600 grains of copper in a crucible, heating it to 
bright redness in a furnace, and covering it with a teaspoonful 
of i^t or charcoal to exclude the air. Add 200 grains of zinc 
previously well heated, that it may be freed from every trace 
of moisture, and mix them well by stirring with an iron rod. 
Brass is formed as the copper and zmc combine. Remove any 
oxide when it is cold by a file, and the yellow colour of the 
brass becomes apparent. 

683. The hydrochlorate of zinc has been lately used to a 
great extent by Sir William Burnett for protecting numerous 
vegetable subistances from decay. For this puroose, the sub- 
stance to be protected, as wood, cordage, or sailcloth, is steeped 
in a solution, and then dried. 

TIN. 

684. Tin has a brilliant white appearance when pure, and is 
, malleable and ductile. Heat tin in a crucible ; it is soon co- 
* vered with an infusible oxide. 

686. Pour upon tin, in fragments, a.little aqueous nitric acid, 
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diluted with an equal bulk of water ; the tin quickly attracts 
oxygen, and assumes the form of a white powder. 

BISMUTH. 

586. Bismuth is a brittle metal, having a white tolour with 
a shade of red. Heated in a crucible, it oxidates much in the 
same manner as lead. It is distinguished by its great fusibility, 
«l property which many of its compounds also pres^it. 

687; Heat 800 grams of bismuth, with 400 of tin and 400 of 
l^ad, in a crucible till they melt. A compound is formed so 
fusible that it becomes liquid when heated to 204 degrees. 

68%, Melt half of the above in boiling water, and add 100 
grains of mercury ; the compound now oecomes fluid at 170 
d^frees. Many toys are made of this composition, which melt 
when they are put into warm fluids. 

ANTIMONY. 

589. This is a very brittle metal, having a brilliant white 
colour and metallic lustre. Mix intimately in a crucible 400 
grains of iron-filings and 800 of sulphuret of antimony ; heat 
the mixture to bright redness in a crucible, then add 100 grains 
of nitre in powder ; on breaking the crucible when it is cold, 
with a hammer, the antimony will be seen below, and a com- 
pound of sulphur and iron above. The nitre promotes the 
separation of the antimony. 

. 590, Mix 600 grains of nitre, 200 of sulphur, and 100 of sul- 
phuret of antimony ; place it upon an iron or earthen cup, and 
apply a lighted match. A brilliant deflagration takes plaee ; 
the mixture is termed the blue signal light. It can be seen at 
the distance of fifty mile^. 

CHROME, MANOANBSE, ARSENIC, AND COBALT. 

591. Chrome. — ^The most important compound of this metal 
is the bichromate of potassa, which is commonly prepared by 
heating the ore with nitre, when the chrome becomes chromic 
acid by attracting oxygen from the nitre ; it combines at the 
same time with trie potassa, part of which is afterwards with- 
drawn by another acid. 

592. Heat a few grains of the bichromate to redness ; part 
of the chromic acid loses oxygen, and becomes green oxide of 
chrome. 

593. Prepare five glasses, each containing a little of the 
bichromate in solution. 

i 
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I. Add to one carbonate of potassa in solution ; it combines 
•itii the excess of acid, and yellow chromate of potassa is 
^rmed. 

II. Proceed as in par. 47, page 15. 

III. Add nitrate of mercury in solution to the third glass ; 
rhromate of mercury falls^ in the form of an orange-colourea 
powder. 

lY. Mix a few drops of a solution of nitrate of silyer with 
the bichromate in the next glass. Brick-red chromate of silrer 
is seen. 

594. Mix intimately 95 grains of the bichromate with 110 
of common salt ; heat the mixture in a retort vdih 2^ drachms 
by measure of aqueous sulphuric acid. Chlorine and chiome, 
pr oxide of chrome, combine and produce a brilliant rab^ 
coloured vapour, chlorochramic addy which may be condensed 
in a receiver; carry off the fumes as the process advances. 
Pour the product into three wine glasses, and add cautiously a 
drop of alcohol to one, of aqueous ammonia to the second, and 
a grain or two of sulphur to the third. In each case, heat and 
light appear, from the action of the chlorine on the hydrogen 
of the first two compounds, or on the sulphur, and green oxide 
of chrome is at the same time seen. These substances should 
he suspended at the extremity of a long cane, before they are 
added to the fluid. 

595. Manganese. — Heat 100 grains of the binoxide (common 
peroxide) of manganese with 300 of nitre, in a crucible, to red- 
ness for half an hour. It attracts oxygen from the nitre, and 
unites with the potassa ; water dissolves it, giving a fine green- 
ooloured solution, which becomes purple and of a pinkiui hue 
(IS it is merely exposed to the air, or diluted with an additional 
quantity of water. Hot water induces these changes much 
more speedily than cold water. 

690. Arsenic. — The violent poison known by this name con- 
sists of oxygen and the metal arsenic : it may be distingiii^ed 
by the following characters : — Heat a^ain in a dry test-tube^ 
it is volatilised, and condenses on the sides of the tube in crys- 
tals, which have a brilliant lustre. 

597. Heat a grain in another tube, after mixing it with twice 
its bulk of charcoal. Metallic arsenic condenses on the side of 
the tube, presenting a steel-grey lustre. 

598. Mix a little with a drop of a solution of nitrate of silver, 
and add a minute quantity of potassa ; yellow-coloured arsenite 
of copper is seen. Treat anotner portion in the same way with 
sulphate of copper ; a similar action takes place, and grass- 
ereen arsenite of copper appears. Add a little boiling water in 
Doth cases, if the proper tint is not seen at fiist. 
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599. Cobalt. — ^Write on paper with a dilute solution of hy- 
(ifochlorate of cobalt ; nothing is observed when it is dry ; 
heat it, and the characters traced with it appear of a fine blue 
colour. If the solution be mixed previously with common salt, 
a green tint appears. The colour fades again on cooling. 

MEBCUBT, SILVBB, GOLD, AND PLATINUM. 

000. Mercury or quicksilver. Boil 10 or 12 grains of mer- 
cury in a test-tube, nolding it in the flame of a spirit-lamp. It 
ines in vapour, and condenses in brilliant globules in the upper 
part of the tube. 

'■ 601. Heat 20 grains of mercury in a small evaporating basin, 
yikih 1 drachm by measure of nitric acid ; much gas is evolved ; 
the mercury takes oxygen from part of the acid, and combines 
ynih the rest. Heat the liquid till a dry mass appears, and 
thai increase it gently till it becomes of a very deep red. 
Binoxide of mercury is thus obtained, which brightens as it 
ooola, and presents small crystals. Heat a few grams in a test- 
tube, placing it in a spirit-lamp ; oxygen is expelled, and the 
mercury volatilised, condensing ultimately, as in 600. 

602. Mix 20 grains of mercury with one-third of the acid 
directed above, dilute it with three times its bulk of water, and 
allow the action to go on with little heat. A nitrate is formed, 
in which the mercury has little oxygen combined with it. 

603. Heat in a test-tube, as in 600, 20 grains of mercuiy and 
3 grains and one-half of sulphur. They combine, and produce 
Vermillion^ or hUulphuret of mercury^ which assumes its usual 
tint when reduced to powder ; it is obtained with a brilliant 
hue only by slowly or i-epeatedly subliming it. 

604. Heat 20 grains of mercury and 25 of iodine in the same 
manner ; a brilliant yellow biniodide is produced, which soon 
assumes a scarlet hue. 

605. Dissolve a few grains of bichloride of mercury ^ a virulent 
pojson, in an ounce of water, and divide it into four portions. 
Fotassa and lime-water separate binoxide, the mercury deriv- 
ing oxygen from the water. Iodide of potassium produces 
biniodide of mercury. Hy drosulphuret of ammonia gives bisul- 
phuret of mercury, dark in colour till it is sublimed. 

606. Animal and vegetable matters subject to decay in damp 
situations, as wood and canvass, are often steeped in a solution 
of the bichloride to preserve them. 

607. Put a piece of tin-foil, two inches long by one broad, 
upon a sheet oi paper ; drop a little mercury upon it, spread- 
ing it upon the tm with a hare's foot. Cover it with a slip of 
paper twice its own length, and place over the i^'i^x «s£<j ^^J^aifiGBk 
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piece of glass. On drawing out the paper, pressing down the 
glass all the time, the tin and mercury adhere to the glaas^ so 
as to produce a small looking-glass. 

608. Silver. — ^This metal is distinguished hy its pure white 
colour and hrilliant lustre. It is very malleahle and ductile. 

609. Add silver in fragments to aqueous nitric acid, exposed 
to heat, and diluted with three times its hulk of water, so long 
as it is dissolved. Part of the acid is decomposed, oxidating 
the metal, and the remaining portion comhines with the oxide, 
forming nitrate of silver. Crystals are deposited as the solu- 
tion cools ; when these are fused to expel any adhering water 
or excess of acid, common lunar caustic is procured. 

610. Fuse half a eraxD. of nitrate of silver on a slip of glaas, 
heating it hy the name of a lamp. All the nitric acid aipd 
oxygen are expelled ; metallic silver alone remains. 

61 1. Dissolve 20 grains of nitrate of silver in an ounce of 
water, to he used as a solution for experiments with silver. 
Arrange six glasses with water, adding to each a few drops of 
the solution of silver, and afterwarcb the following tests in 
solution : — 

612. Potassa separates oxide of silver as an ash-grey powder. 

613. Carhonate of potassa precipitates carhonate of silver. 

61 4. Lime precipitates oxide of silver. 

615. Hydrochloric acid, chlorine, and common salt, preci- 
pitate chloride of silver. 

616. Chloride of silver is white and curdy, hut assumes a 
dark colour on exposure to the light. 

617. Put a fragment of copper into one ^lass, of zinc into 
another, and a few grains of mercurv into a third ; on covering 
each with a little of the solution of nitrate of silver, metallic 
silver soon appears, a corresponding quantity of the oUier metal 
which precipitates it heing dissolved. 

618. Write on a piece of linen with a pen dipped in the solu- 
tion of the nitrate, and, when dry, immediately spread upon it 
a solution of potassa or soda. The oxide of sdver is left inso- 
luble upon tne cloth, and soon darkens in its tint, leaving a 
permanent mark upon the cloth. A solution of the nitrate 
forms common marking ink. The alkali is used to remove the 
nitric acid, and prevent the cloth from being corroded. A car- 
bonated alkali, as common soda, is often used instead of the 
purer alkali ; 100 grains may be dissolved for this purpose in 
an ounce of water. 

619. Gold. — This metal is distinguished by its malleability 
and fine yellow colour ; it is found principally in a pure form. 
Gold-leaf is so thin that 282,000 leaves are required to make up 
the thickness of an inch. In gilded silver- wire, the gold is 1 
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•than tlie 3,000,000th part of an inch in thickness. It is no* 
affected hy air or oxygen at any temperature, and commoi 
acids have no effect upon it, 

620. Put four or ^ve gold leaves into an evaporathig hasin 
pour upon them a few drops of nitric and of hydrochloric 
acids. Chlorine from the hydrochloric acid quickly dissolves 
the gold. Evaporate the solution to dryness, so as to expel 
excess of acid ; terchloride of gold remains. 

j821. Dissolve the terchloride in 30 or 40 drops of water. 
^Dip a slip of glass into the solution, and heat it over a lamp ; 
'the chlorine is expelled, and metallic gold remains. On Iook- 
ing through the glass, a purple tint is often seen. Write upon 
the palm of the hand with a pen dipped in a solution of the 
f^rcnloride ; it acquires a purplish tint, which disappears in a 
few days. 

622. Heat a slip of glass in the flame of a lamp, touch 
powdered horax with it, when it immediately adheres. A drop 
of the solution is then to he put upon the horax, when it is' to 
be heated by a lamp, taking care not to smoke it. A beautiful 
ruby-coloured compound appears ; metallic gold is afterwards 
observed, if the heat be contmued long. 

623. Put three drops of the solution upon paper, and add the 
following tests in solution. 

624. Sulphate of ii-on, which precipitates metallic gold of a 
dark colour, being in a minute state of division. 

626. Hydrochlorate of tm produces a purple procipitate, con- 
taining gold and oxide of tin, and usually termed the purple 
precipitate of Gassius, 

626. Hydrosulphuret of ammonia produces a dark coloured 
solphuret of gold. 

627. Platinum is a metal much prized in making crucibles, 
capsules, and numerous other articles of chemical apparatus, as 
it IS scarcely affected by any ordinary chemical agent, many of 
which corrode other metals. It is also very infusible, not being 
melted by the heat of any common furnace. 

628. Dissolve five or six grains of platiuum wire in a drachm 
of nitric acid, mixed with an equal bulk of hydrochloric acid. 
Add more acid if it be required, and evaporate cautiously to 
dryness. Bichloride of platinum is obtained : dissolve it in 
one or two drachms of water. Add a solution of iodide of po- 
tassium to a part of it ; a deep coloured compound immediately 
appears. 

629. Add a solution of hydrochlorate of ammonia ; a temarv 
compound of this substance and the platinum is formed, and is 
soon precipitated of a yellow colour. Heated to redness in a 
emcible, every thing is expelled except the metailia ^i^sa^Vsssws^* 
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it is not fused) but remains in minute particles, in wliich con- 
dition it absorbs much oxvp^en from the air, and when hydrogen 
is directed upon it, a red light is observed, and the hydrogen is 
soon inflamed. 
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690. Allays are compounds in which metallic bodies are com- 
bined solely with each other. They are formed in general by 
fusing the least fusible metal in the first instance, and adding 
the others to it. The term amalgam is usually applied to alloys 
containine mercury. Some alloys consist of two metals only, 
but in otners a number are combined together. 

I. Brass = 3 parts copper + 1 zinc. • 

II. Dutch gold and pinchbeck = copper and zinc combined 
in various proportions, according to the quality required. 

III. Bronze and gun-metal = 8 or 9 parts copper -f- 1 tin. 

IV. Bell-metal = 3 parts copper -{- 1 tin. 

V. Speculum metal = 2 parts copper + 1 tin. 

VI. Pewter = tin, with small portions of other metals. 

VII. Plumbert^ solder = 1 part tin + 2 l€»d. 

VIII. Tinfoil = tin + a small portion of lead. 

IX. Fusible alloy = 8 parts bismuth -f* ^ lead + 3 tin. 

X. Rosens fusible alloy = 2 parts bismuth + 1 lead -f- 1 tin. 

XI. Gold coin = 11 parts gold -{- 1 copper. 

XII. Standard silver = 12 and l-3d suver -f- 1 copper. 

XIII. Tinned iron^ or tin plate^ consists of iron coated on the 
surface with tin. 

631. Many metals ma^ be coated with gold or silver by pre- 
cipitating the gold and silver upon them from their solutions* 

632. Fluid amalgams of gold and silver are used for tlie same 
purpose ; thejr are spread upon the metals to be coated, and 
the mercuiy is expelled afterwards by heat. 

633. Eight parts of the fusible alloy + 1 mercury s= an 
amalgam which is fluid at 170 degrees. 

634. Amalgam for the electrical machine = zinc 1 part -f- 1 
tin -(- 2 mercury. 



CHAPTER XXIV. 

ORGANIC CHEMISTRT. 

636. Organic chemistry signifies the chemical history of the 
various proximate principles which have been observed in the 
animal and vegetable kingdoms, and which are there assooiated 
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together so as to produce a peculiar structure, termed organic, 
such as is never seen in any of the products of the minera. 
kingdom. Gum, sugar, starch, woody fihre, albumen, fibrin^i 
gelatine, and all those numerous substances of which plants 
and the bodies of animals are composed, constitute those proxi< 
mate principles which are the products of animated nature. 
All of them, however, are composed principally of a very few 
of the same elements. 

. 636. Vegetable substances are composed principally of car- 
bon, oxygen, and hydrogen ; nitrogen is more rarely observed 
in them. Animal matters consist generally of carbon, oxygen, 
hydrogen, and nitrogen ; the presence of nitrogen gives to them 
many of the more peculiar properties by wmch they are dis- 
tinguished from vegetable suDstances. 

^7* All animal and vegetable substances are decomposed by 
heatiog them in an open nre, burning as their carbon and hy- 
drogen act freely on the oxygen of the air. They leave in 
general a small quantity of ash, composed either of potassa, 
various salts containing soda, potassa, or lime, and traces of iron 
or other metals. 

638. The chemical changes that take place in the animal and 
vegetable kingdom during life, consist essentially in the trans- 
formation of part of the varied materials used as food, so that 
they become assimilated, and take their place as portions of 
the living texture, while other matters which may have already 
occupied a similar station are gradually removed to make way 
for that arrangement that may at the moment be best adapted 
for the living frame. Thus, a perpetual accession of new par- 
ticles and removal of others proceeds steadily and unintep 
mptedly so long as life is sustained. The precise nature of the 
chemical changes that occur in most of these cases, is very ob- 
scure, and traced with much difficulty, though the general 
action is understood. Matters foiming part of a living system, 
do not present the same chemical changes that are observed 
in dead matter ; this does not arise from there being one kind 
of chemical action to which minerals and dead matters are 
subject, and another for matter endowed with life, but merely 
from the peculiar circumstances in which they are placed in 
the living system, preserving them in a particular condition, in 
the same manner as mineral substances may be exposed to one 
operation, or protected from the action of particular bodies by 
peculiar treatment. 

639. It is curious, however, to observe how speedily any por- 
tion of animal or vegetable matter becomes subject to ordinary 
chemical changes when its vitality is gone, whether this may 
have ensued in consequence of its havingbeciiVxvyMfe^Qt x<e«vsiN»fe\ 
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altogether from any connexion with the frame to which it wa 
attached, or from the whole hody having heen deprived of life 
A very remarkahle illustration of this fact is presented in th 
bodies of persons or animals who may have heen killed said 
denl^. There, the gastric juice, a peculiar fluid subservien 
to digestion, which affects the food only during life, instantly 
attacks the substance of the stomach, when life is extinct^ ii 
the same manner as it continues to affect the food itself, eat 
roding it often to such an extent in its most depending pari 
that it is completely perforated and destroyed by that ver 
agent which it supplies during life for promoting digestion m$ 
the nourishment and strength of the system. 

640. Again, the examination of the great changes effecia 
within the system while the temperature is comparative^ 
stationary, has taught chemists a very important leasoE 
namely, that great and new changes may probably be effectet 
on all kinds of materials by long exposure to various carefnli; 
regelated temperatures ; and in modem times, no principle ha 
been applied with more success in preparing different com 
pounds, and in examining generally the products of the animal 
vegetable, and mineral Icmgdoms, than that which we hav 
now mentioned as being dependent on the long-continn* 
application of a fixed and carefully regulated temperature. 

641. When heated in vessels so that the air is excluded fron 
them, much carbureted hydrogen gas is evolved ; water, tai 
and numerous oily or resinous compounds, may also be sepa 
rated by distillation, and a considerable quantity of charcof 
remains. But the precise effects produced are much influence 
by the exact degree of temperature to which they are sol 
jected, so that very various products may be obtained from th 
same materials, according to the degree of heat applied. Change 
induced by a temperature comparatively low, and without th 
separation of carbon, are said to be effected by the white dtsU 
lation^ the resulting products being always of a light colon: 
while part of them are generally converted into vapours whic 
may be separated by distillation. Products obtained by 83 
posing animal or vegetable matters to a high temperature, ai 
said to be formed by destructive distillation ; they are usuaU 

tiixed with tar and carbon, which give them a dark appeal 
Aice. 

642. When animal or vegetable substances are combine 
rith various chemical agents, they may be rendered much Itt 
^rone to putrefaction or decay than they are under ordinal 
rircumsUmces. This depends in some cases upon a comlnn 
tion being effected between the organic matti^^r and the sul 
stance used, while on other occasions they appear to opera 
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Drinci{)allv by excluding the action of atmospheric air. This 
B particularly observed in many of the processes adopted for 
soring meat and preserrinff fruit. Occasionally, however, the 
principal value of some of the materials used d^ends on the 
msoluoility of the compounds they form with different animal 
or vegetable substances that may have been fluid previously, 
and extremely prone to decomposition. Metallic salts have 
^een very generally used for the purpose of preserving timber 
A exposed situations, among which the hydrochlorate of zinc, 
introduced lately by Sir W. Burnett, has been much employed ; 
it IB applied in solution, not only to wood, but also to sail-cloth, 
cordage, or other materials, which are steeped in the solution, 
and subsequently dried. Kreosote, which is powerful in coa- 
gulating numerous albuminous compounds, owes its power of 
preserving various animal substances to the impervious nature 
of the compoimd it forms with the albuminous fluids^ which 
would otherwise be prone to putrefaction. 

643. The entire exclusion of the air is very favourable for 
the preservation of numerous animal and vegetable substances 
from decay ; which may apparently be preserved indefinitely, 
or at least for a series of years, without undergoing any change. 
This is well illustrated in the various processes introduced of 
late years for preserving meat, more particularly in those intro- 
duced by Mr Gillon. m the process conducted by Mr Goldner, 
the materials being cooked and heated at a temperature elevated 
moderately above 212 degrees, the atmospheric air is entirely 
expelled through a small aperture by the steam formed within 
the tin case in which they are heated, after which all commu- 
nication with the external atmoephere is intercepted by closing 
the aperture suddenly with solder, while the steam is still 
escaping in fall force. 

644. On board ship, bread that becomes overrun with insects 
under ordinary circumstances, may be kept indefinitely in air- 
tight iron tanks without injury. And where the bread has 
b^n already injured from tne cause now mentioned, the in- 
sects are soon destroyed if they be introduced into air-tight 
tanks, any oxygen necessarily present at first being soon con- 
«imed if they are well filled. 

645. The greater number of organic products are prone to 
^trefaction, which proceeds most rapidly at a warm tempe- 
Ctture, and when there is abundant access of air and moisture. 
Excessive heat retards or arrests it altogether by expelling 
moisture, and extreme cold produces the same effect by induc- 
ing congelation. 
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646. Many soluble matters associated with certain portioaf 
of water pass rapidly into putrefaction ; but if they are ren- 
dered insoluble oy the action of metallic salts, decomposition 
is arrested. Hyarochlorate of zinc added to such material 
coagulates, and precipitates albuminous substances, decom^ 
posing also sulphurer-ed hydrogen — an abundant source o 
offence in numerous cases of putrefaction. M. Ledoyen uses 
the nitrate of lead, and Mr Ellerman has prepared a solution 
containing different salts, which act on the contents of drains 
and cesspools in the same manner as the hydrochlorate of zinc 
introduced by Sir W. Burnett. 
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CHAPTER XXV. 

VEGETABLE CHEMISTRY. 

647. All seeds contain a ffenUf which produces the future 
plant. Germination is the process by which the germ begins 
to grow from the seed, one part, the radicle, descending into 
the earth and forming the roots, while another, the pmmule, 
ascends and produces the stem. When the seed is planted, 
sugar is formed by the matter around the germ, constituting 
the iirst nourishment it receives. The presence of oxygen is 
necessary to commence germination, which cannot proc^eed a;t 
a great depth from the surface of the soil in which the seed in 
placed. 

648. Vegetation includes all those processes which are neces- 
sary to the growth of the plant after germination. By absarp- 
tion, nutritious matters are taken up by the roots and other 
parts of plants; by circulatufn, the sap is carried t-o the leaves, 
and also to each individual portion of the plant, where the 
different proximate principles are separated from it by the 
process ot secretion. Carbon, oxygen, nydrogen, and nitrogen, 
are supplied by the elements of air, and by the water, ammonia, 
and carbonic acid associated with it. The animal and vege- 
table matters in many of the most valuable manures supply 
nitrogen and carbon more freelv than they are afforded by the 
atmosphere alone. The mineral constituents of manures and 
soils assist the general fertility in proportion to the facility 
with which they yield potassa, soda, silica, lime, magnesia, 
phosphoric and sulphuric acids, and the other mineral sub- 
stances that enter into the composition of vegetables. The 
following table gives a view of the composition of some of the 
more imnortant vegetable princinles, and of compounds formed 
^m them ^^ 
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TABLB SHOWniO THB COMPOSITION OF DIFFERENT YEGETABUB PBINCIPLES, 
AND OF PRODUCTS OBTAINED FROM THEM. 

The jBgures placed under the elements named show the numher of 
equivalents of each element in one equlralent of the compoandi 
to which they refer. 
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CHAPTER XXVI. 

VEGETABLE ACIDS AND ALKALIES. 

649. Oxalie add is very soluble in water ; crystallises with 
facility when its watei-y solution is concentrated. It is very 
acid, and a virulent poison. Employed in polishing" brass, and 
in cleaning leather. It is much used as a test of lime, form* 
ing a very insoluble compound with it. It may be obtained 
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from the juices of various plants, but is formed, in general, 
artificially by heating nitric acid with impure sugar imfit for 
ordinary purjjoses, or by heating various vegetable matters, 
as sawdust, with lime, to a temperature between 400 and 500 
degrees, removing afterwards the lime by the action of sul- 
phuric acid. 

650. Acetic acid is the acid of vinegar, and is formed also in 
large Quantity by heating wood, excluding the air ; obtained 
from this source, it is often termed pyroligneous acid. In ^ 
concentrated form it has a very pungent and fragrant odour, 
and is then used for vinegarettes. 

651 . Take 1 ounce of vinegar by measure, naix it with a 
little vegetable blue, which is reddened, and add to the solution 
bicarbonate of potassa in fine powder till the acetic acid is 
neutralised, the blue tint being restored. Note the quantity 
of bicarbonate employed, and calculate the quantity of acetic 
acid in the solution, 101 grains of the bicarbonate containing 
a sufficient quantity of potassa to neutralise 51 of real acetif 
acid. 

652. Acetic acid corrodes many metals ; with oxide of lead 
it forms the acetate or sugar of lead. With oxide of coppeif 
verdigris is produced. 

653. Tartaric acid is procured from cream of tartar. It is 
not volatile like the acetic acid, and is decomposed whei 
heated. One equivalent of water is always combined with i^ 
in the condition in which it is obtained ; 75*48 grains of the 
crystals are always used where 66'48 of the acid are required* 

654. Dissolve 75 grains of crystallised tartaric acid in a 
tumbler one-third lull of water, and dissolve 101 grains of 
bicarbonate of potassa in another, adding a little sugar and 
ginger or cinnamon powder to the mixture, if required to com* 
municate any flavour to it. On mixing the solutions, an effidr* 
vescing draught is formed, from which the carbonic acid 
escapes quickly ; tartrate of potassa beinff formed in solution, 
and carbonic acid gas rapidly disengaged. For an ordinary 
draught, half the above quantity of materials is generally 
employed, a few grains of acid being added in excess, to com- 
municate an acidulous taste. 

655. Add a few drops of a solution of tartaric acid to a 
concentrated solution of carbonate of potassa, till a neutni 
tartrate of potassa is formed ; it is very soluble in water. Add 
afterwards more tartaric acid till the solution is very acid; 
cream of tartar (bitartrate of potassa) fells down in small 
crystalline grains. 

656. Citric acid is obtained from the juice of the lime and 
of the lemon. It is soluble in water, crystaHisable, easily 
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decomposed by heat, and, when crystallised, may be kept for 
my length of time, not being apt to decompose like the juice 
&om which it is separated. 

657. Maiic acid^ termed also sorbic acidy is found in the juice 
of the apple and of other vegetable fruits. 

658. Gallic acid is obtained from gall nuts, but may be pro- 
cured also from numerous other vegetable substances, as the 
bark of the oak and the tea leaf. It is particularly distin- 
guished by producing with peroxide of iron, when tnese sub- 
stances meet each other in solution, a dark-coloured compound 
•which forms the colouring matter of common ink. The 
colouring matter of ink may, accordingly, be destroyed by any 
substance which acts either on tlie gallic acid or on the peroxide 
of iron. Acids, particularly sulphuric, nitric, hydrochloric, 
mid oxalic acid, destroy the colour of ink by combining with 
the peroxide of iron and liberating the gallic acid. Alkalies 
remove the gallic acid, and leave the oxide of iron. A solution 
of gallic acid often restores faded ink by acting on the iron. 
Chlorine appears to act on the gallic acid and decompose it, 
while another portion combines with the iron. Oxahc acid, 
and other vegetable acids, remove the colour of ink, without 
destroying the texture of paper or other organic matters, in 
the same manner as mineral acids. 

659. Succinic acid is procured by sublimation from amber. 
It is much employed, when combined with ammonia, in pre- 
cipitating peroxide of iron. 

660. Fut 20 or 30 grains of benzoic acid into a Florence 
flask, and expose it very slowly and cautiously to the heat of 
a lamp ; it is soon melted, and converted into vapour, con- 
densing in beautiful crystals upon the upper part of the flask, 
if the heat be not too great. If a piece of thread, or any solid 
substance, be suspended in the interior of the flask, the crystals 
collect very beautifully upon it. 

661. Prussic or hydrocyanic acid exists in minute quantity 
in a number of flowei-s and fruits, communicating to them a 
very rich and agreeable flavour, as in the flower of the haw- 
thorn, in the peach, and in the almond. It contains no oxygen, 
and is composed entirely of cyanogen and hydrogen; 26*44 
parts of cyanogen contain 12*24 of carbon and 14*2 of nitrogen. 
8ymb, ON. With 1 of hydrogen, 26*44 of cyanogen produce 
I^"44 of prussic acid. Symh. HC-N. It is distinguished by 
Jts great power, when in a concentrated form, in affecting the 
animal economy, a few drops being quite sufficient, when laid 
upon the tongue 6i a large dog, to produce instant death, 
almost with the rapidity of lightning. Laurel water, noyau 
and many other liquids, contain a portion, and wi\afc\.\sa.«^ ^iso 
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rise to fatal effects, when the prussic acid is present in too 
large quantity. 

§62. No fact appears more singular at first, than that a 
principle of such powerful activity in reference to the animal 
economy, should consist of the very same elements as are 
consumed every day in our food ; hut chemistry abounds in 
facts such as tnese, as is observed, for instance, in the com- 
pounds of oxygen and nitrogen, these elements constituting in 
one proportion the air that we breathe, and in another the 
corrosive nitric acid or aquafortis. 

663. Prussic acid is usually prepared from ferrocyanate of' 
potassa, a yellow-coloured salt, which is formed on the large 
scale by heating animal matter with potashes and iron. This 
salt is mixed with half its weight of sulphuric acid, previously 
diluted with three or four times its bulk of water, and allowed 
to cool before it is poured upon the salt in powder ; the acid 
uniting with the potassa and the prussic acid, which is united 
with iron in the salt, may be condensed in a receiver in com- 
bination with the water which distils along with it. The acid 
should be prepared only in small quantity, and always diluted 
with water, by those not accustomed to operate with it, so as 
to prevent any risk of accident. The receiver ought to be kept 
very cold. Five or six grains of the salt are quite sufficient to 
give enough of the diluted acid to allow its flavour, so similar 
to that of the hawthorn, to be recognised. 

664. As a chemical agent, hydrocyanic acid is extremely 
feeble, and very prone to decomposition. Strong and pure 
acid begins to be decomposed when subjected to the action of 
light, and, in warm weather, very soon after it has been pre- 
pared. 

665. To detect hydrocyanic acid in fluids suspected to con- 
tain it, the following process may be adopted. Distil the 
suspected liquid, after adding a little acetic acid to combine 
witn any alkali that may be present. Add to the product 
salts containing the oxide and peroxide of iron ; liberate these 
oxides by the addition of potassa, when prussian blue is formed, 
if prussic acid be present. A few drops of hydrochloric acid 
render the blue more distinct, by dissolving any excess of oxide 
of iron. 

666. Cyanogen may be procured by heating the bicyanide 
of mercury in a glass or iron tube. It is a pungent suffocating 
gas, very inflammable, and bums with a purple-coloured flame. 

667. Cyanic acid is composed of cyanogen and oxygen. 

668. Fulminic acid is considered isomeric with cyanic acid. 
It is formed when silver or mercury is dissolved in nitric acid, 

k and mixed subsequently, while still warm, with alcohol. Hie 
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^trogen and oxygen are supplied by the acid, and the carbon 
*j|y the alcohol. The fulmmic acid forms insoluble compounds 
rith silver and mercury, which explode with great violence 
Then heated, and also by friction or percussion. They ought 
V he prepared only in very small quantities at a time, and 
wiih the utmost caution. 

669. Vegetable alkalies. — A number of compounds called 
vegetable alkalies, have been discovered in many of the more 
important medicinal substances obtained from the vegetable 
kingdom ; in these the medicinal properties of the substances 
from which they are extracted are found more particularly to 
reside. Morphia ia the name of the most important vegetable 
alkali procured from opium. Quina and cinchonia are pro- 
cured from Peruvian bark. Strychnia is obtained from ntue 
vamicay and veratria from white hellebore. All these sub- 
stance and many others, are termed vegetable alkalies, and 
sometimes alkaloids, as they combine with acids, neutralise 
them, and form salts, in the same manner as other alkaliefli 
They are composed of the usual elements of vegetable matter, 
bat contain also a considerable quantity of nitrogen. 
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CHAPTER XXVIL 

OILT AND RESINOUS SUBSTANCES. 

670. All oily and resinous substances are composed, in 
general, of about 80 per cent, of carbon, 11 or 12 of hydrogen, 
and 8 or 9 of oxygen ; some contain no oxygen, as camphene, 
commonly called the spirit of turpentine. Exposed to the air, 
on any extensive surface, they are apt to imbibe oxygen slowly ; 
and some fixed oils, even at natural temperatures, gradually 
become warm under these circumstances, and burst ultimately 
into flame, sometimes in a few days, but often not till weeks 
or months have elapsed. Numerous fires have been traced to 
the spontaneous inflammation of oil spread upon tow or cotton. 

671* Volatile oils rise in vapour at tne temperature of boiling 
water ; they bum in general with much smoke, and are easily 
inflamed. 

672. Put an ounce of cinnamon bark in fragments into a 
retort ; cover it with water, and distil a portion of the water 
into a receiver ; a portion of volatile oil, naving the odour of 
the cinnamon bark, rises along with it, and renders it milky as 
it condenses in the receiver. 

673* Pour a few drops of oil of turpentinA wi^^ ^ -^v^^ 
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of paper, and heat it gently before the fire, or oyer a lamp, at 
a distance from the flame. It is soon entirely dissipated, leav- 
ing no greasy stain upon the paper. 

674. Dip a piece of paper in oil of turpentine, put upon it a 
grain of chlorate of potassa in powder, a^nd touch it with a ^:op 
of aqueous sulphuric acid ; peroxide of chlorine is imme- 
diately liberated, and inflames the turpentine. 

675. Put two drachms by measure of oil of turpentine into 
any cup or basin placed in tne open air, or at a lai^e ventilator. 
Put into a glass, tied to the end of a long stick, mur drachma 
by measure of strong aqueous nitric acid and one of aqueous 
sulphuric acid, taking care that there is no turpentine in the 
measure employed. Hold the mixture as far away from the 
&ce as can be done conveniently, and pour it upon the oil ci 
tuipentine ; much oxygen is immediately communicated to it^ 
and the turpentine is mflamed with explosive violence. 

676. Fia;ed oils are frequently obtained by expression ; they 
are thicker than volatile oils, and unctuous to the touch, and 
require a temperature about 600 degrees to convert them into 
vapour. They may be regarded generally as compounds of 
two principles, ElaiUy or the more fluid portion, and Stearin^ 
the more solid part, which freezes in cold weather before the 
elain. When the oil is boiled with potassa or soda in solution, 
soap is formed, and a substance having a sweet taste is sepa- 
rated, which is usually termed glycerine, 

677* Heat a few drops of any fixed oil upon paper ; it is not 
volatilised except by a heat suflicient to decompose the paper. 

678. Boil soft soap in twice its bulk of spirit of wine, filter- 
ing the solution if it be not transparent. 

679. Add a portion to common water ; if very pure, only a 
slight opalescence is observed. 

680. Add a little of the solution of hydrochlorate or sulphate 
of lime to water, and mix with it a portion of the solution of 
soap ; the acid unites with the alkali of the soap, and remains 
in solution, a curdy precipitate, consistmg of the earthy and 
oily matter of the soap, is separated. 

681. To another solution of the hydrochlorate or sulphate of 
lime, as in 680, add carbonate of potassa, or of soda, so long as 
any precipitate is formed. The acid of the earthy salt unitea 
with the alkali of the carbonate, and the lime and carbonie 
acid fall down as an insoluble carbonate. Add the solution^if 
soap to the liquid in this condition ; it is not decomposed ; tho 
acid of the earthy salt is already combined with alkali, and tli6 
earthy matter has been precipitated, so as to be incapable of 
aflectlag the oily or fatty matter. 

682. Dissolve 10 or 20 grains of resin in three or four 
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its bulk of alcohol. Pour the solution into a large quantity 
of water ; the alcohol unites with the water, and the resin is 
separated. 
" 683. Perform a similar experiment with camphor, 

684. Heat a few grains of camphor in a tube by a small 
lamp. It soon melts, and is then volatilised, condensing in a 
solia form in the upper part of the tube. 

685. Put an ounce of wax into a small cup or evaporating 
btain ; melt it by placing the cup in boiling water. Untwist 
a piece of cord, and dip the separate parts into tbe wax ; cut 
them into lengths of 6 or 8 inches, to be used as matches in 
applying a light in chemical experiments. 

686. JBenzuU is the name applied to a compound which 
forms the basis of several vegetable substances. Benzoic acid 
ia a compound of benzule and oxygen. Balsams are viscid 
liquids or solids procured from different vegetables. 

687. Amber is considered to have been a balsam originally, 
.and to have assumed subsequently its ordinary form. 

688. Gum resins are concreted vegetable juices, such as 
gamboge and guaiac, which contain various vegetable prin- 
ciples. 

689. Caoutchouc^ or India rubber^ is the concrete juice of 
itiejicus elastica aud some other trees. It is soluble m spirit 
of turpentine, naphtha, ether, and in tne fluid it affords by 
destructive distillation. Its solution, thickened and made to 
resemble a paste, is much used in the preparation of water- 
proof cloth and flexible tubes. 

690. Crutta Percha is another concreted juice, approaching 
to India rubber in many of its properties, and much prized 
for its toughness, tenacity, and flexibility. 

PRODUCTS OP DESTRUCTIVE DISTILLATION. 

691. Vegetable or animal substances heated to a high tem- 
perature, all air being excluded, produce a great variety of 
compounds, solid, liquid, and gaseous, fixed and volatile. 
WoM tar is a mixture of numerous oily products with water, 
aeetic acid, and resin. Coal tar is similar in many of its pro- 
perties, but the water it contains abounds in ammonia, and 
not in acetic acid. Pitch is the name given to the impure 
resin that remains when tar is heated, till water, and all other 
matters not oily or resinous, are expelled. Its consistency 
depends on the extent to which it is heated,' and the nature 
of the oils separated. Asphalte, mineral pitch, and petroleum, 
resemble pitch and other compounds that mav be obtained 
£rom tar. 
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692. Naphtha is the name given to the oily fluid obtained 
by distillation from coal tar. It contains various distinct 
compounds, some of which, as aniline^ have been the subject 
of minute investigation. Napthaline is an inflammable crya- 
tallisable solid, which is also procured from coal tar. 

693. Gun cotton is a compound of lignin and nitric acid. 
It is prepared by dipping cotton in this acid, after which it is 
washed and dried. The oxygen of the nitric acid 8ustaiD3 
the rapid and explosive combustion of the cotton when it .13 
ignited. 

694. Pyromlic spirit is one of the products obtained by tiie 
destructive distillation of wood. It is often used as a sub- 
stitute for alcohol in spirit lamps. It has a peculiar odbur, 
and bums with a smokeless flame. 

695. Paraffins is an inflammable solid, which has been pro- 
cured by distillation from the tar of beechwood, and fron 
certain varieties of petroleum. It is white, tasteless, inodorous 
soluble in alcohol, turpentine, and naphtha. It bums bril- 
liantly, and without smoke, and is not decomposed by the 
auction of acids, alkalies, and other powerful chemical agents. 

696. Eupion is the name given to a volatile oil wmch is 
obtained by distillation from the tar of animal matters. 

697. Kreosote is a volatile liquid which has been obtained 
both from wood and coal tar. Its more characteristic property 
is its power in coagulating albumen. Its odour is similar to 
smoked meat, in which the kreosote is considered to form a 
compound with the albuminous materials. It is soluble in 
sdcohol, ether, naphtha, and acetic acid. Water mixed with 
it acquires its taste and odour. In a concentrated form, it is 
used in toothache, coagulating albuminous substances, and 
protecting the nerve from the immediate action of the air, 
by the dense compounds formed upon it. 



CHAPTER XXVIII. 

LIGNIN, GUM, STARCH, AND GLUTEN. 

698. Lignin is the term applied to woody fibre. It is com- 
posed of the usual elements of vegetable matter, but contains 
also minute quantities of potassa and various salts. It is par- 
ticularly distinguished by its insolubility in water, alconol, 
and many other chemical agents. 

699. Gum is a term applied to several vegetable products, of 
wlijch ffum-^rabie i& the most importsvnt. Dia&olve sum-arabjv 
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m water, after reducing it to powder, placing it in a flask or 
cup heated by immersing it in boiling water. Mix a portion 
of the solution with an equal bulk of alcohol; the water 
unites with the alcohol, and the gum is separated. 

700. Cherry-tree gum is similar in many respects to gum- 
arabic, but is insoluble in cold water. 

''701. Tannin or Tannic Acid, is found abundantly in the 
i^etable kingdom. It is solid, has an astringent taste, is 
'Coloarless and inodorous, is soluble in water, alcohol, and 
ether^ and gives a bluish-black precipitate with salts of iron. 
It is particularly distinguished by precipitating gelatine. 

702. Vegetable albumen resembles animal albumen, and is 
coagulated by heat. 

703. Rasp several potatoes in a basin, add water, and stir 
the mixture; the starch which they contain is deposited, 
being insoluble in cold water. (See 465.) 

704. Mix starch with cold* water, and pour boiling water 
iq)on it till a strong gelatinous mass is formed. Sago, tapioca, 
arrow-rootf and potato flour , are all composed of starch. 

705. Mix a tablesnoonful of wheaten flour with water, so 
as to produce a stifl' aough. Spread it upon the palm of the 
left hand, hold it over a basin of cold water, and with the 
right hand pour water upon it so long as a milky fluid ap- 
fears exuding from it, pressing it gently from time to time 
with the linger. Flour consists principally of starch and 
gluten mixed with gum and sugar. The water dissolves the 
^m and sugar; the starch is carried aWay mechanically 
suspended by the water, and gluten remains on the hand. If 
the flour be of good quality, about one-third of its weight of 
gluten is usually obtamed. Flour is often sold of such indif- 
ferent quality that little gluten is procured from it. Gluten 
is the most nutritious part of flour, and forms the numerous 
little cells that appear in fermented bread, as gas and vapour 
rise in the substance of the dough. It contains nitrogen along 
with carbon, oxygen, and hydrogen, resembling animal matter 
in its composition. 
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CHAPTER XXIX. 

TEGETABLE COLOURING MATTER. 

706. Numerous proximate principles are familiarly known, 
which are particularly distinguished by their colour. Sa^ 
of these is to be regarded as a distinct compound, of wluc|i Itfi 
peculiar colour is only one of numerous properties which ^ 
may present. It is accordingly subject to all the usual cne^ 
mical changes of which colouring matter is susceptible. It may 
be separated from other materiab ; it may be decomposed, and 
deprived consequently of its colour ; it may be formed again 
by new arrangements in some cases, when its colour is resto]^ ; 
it may be combined chemically with various bodies, acquiring 
a new colour, or becoming colourless, according to the nature 
of the substance with which it is associated. 

707. The art of bleaching consists in depriving the substances 
that are bleached of any colour that they may possess, and abo 
of any impurities with which thev may be stained. Chlorine^ 
acids, and alkalies, are the principal agents used for this pur- 
pose, the former destroying all animal and vegetable colouring 
matter, while the others, from their extensive chemical agency, 
act powerfully upon numerous substances that may be aasp- 
ciated with them. 

708. The art of dyeing consists in communicating to cloth or 
other substances the various tints that may be required, and is 
founded upon the chemical attraction that subsists between 
colouring matters and those to which they are applied. Some 
colouring matters, as indigo, if merely dissolved, and brought 
in contact when in solution with cloth, leave the matenab 
composing the solution, and combine with the cloth; such 
colouring matters have a strong attraction for cloth, and are 
usually termed substantive colouring matters. Others, again, 
having a feeble attraction for cloth, may still be combined vdth 
it in a comparatively permanent manner by the addition of 
various metallic oxides, earths, or other chemical agents ; all 
of which unite together so as to form one compound. In such 
cases the chemical agent employed, which is usually termed a 
mordant or basis, is combined with the cloth before the colour- 
ing matter is applied ; colouring matters used in this manner 
are usually termed adjective colouring matters. 

709. Calico-printing is a kind of topical dyeing, by which 
the colouring matter, or the mordant that hxes it, or both, are 
applied only to certain parts of the cloth, so as to present a 

ptUtem, Sometimea wooden blocks, having patterns cut on 
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them, are used for this purpose ; theBe heing applied with a 
light touch to a thick mixture of the materials used^ so that 
they are received by the pattern in the same manner as ink is 
received by types. On other occasions, the whole cloth is 
dyed in the first instance, and a white figure produced subse- 
q^uently by applying the pattern after it shall have received 
any materials that must decompose, dissolve, or withdraw the 
i^olouring matter wherever it touches the cloth. If the mordant 
^ withdrawn by any other chemical agent, that alone is suffi- 
t:ient to enable the colouring matter to be discharged with 
fiicility. 

710. Chromule is a term applied to various coloured principles 
that may be obtained from the leaves and flowers of plants. 
' 711* Chiorophyle is the term applied to the green colouring 
matter of the leaves of plants. 

712. Chromogen signifies a matter that has no colour in itself, 
but which may still be considered as a basis of colouring 
matter, as, by the action of other bodies, colour may be deve- 
loped in it. If water containing sulphurous acid be added to 
the colouring matter of common coloured cabbage in solution, 
it decomposes it, and a colourless compound results. The 
colouring matter is reduced to the state of a chromogen. But 
if a portion of the colourless compound be mixed with a little 
sulphuric acid, a brilliant red tint appears. If ammonia, or any 
other common alkali, be added to a second portion of the 
colourless liquid, a fine green appears. 

713. Erithrogen is the term applied to that variety of chro- 
mogen which becomes red ^ith acids. The term xanthogen is 
applied to those that become yellow by the action of alkalies. 

714. Cut a common red cabbage into small pieces, and boil 
it for a short time with no more water than is required to cover 
it. Use the solution procured in this manner, or by simply 
infusing the cut cabbage in boiling water, as the cabbage or 
vegetaMe blue so often referred to in the preceding pages. 

715. Dip into the solution a number of slips of paper, four 
or six inches square ; keep them there till they imbibe some 
colouring matter, and then dry them, excluding them after- 
wards from the action of the light, until they are required for 
ase. Cut off small slips, which may be touched with a minute 
|uantity of any solution, to be tested so as to indicate the pre- 
sence of acid or alkali, as they are reddened by one, and turned 
to a green by the other. 

71C. Dilute a solution of the vegetable blue, and try alter- 
nately the action of acids and alkalies upon it. Acids render 
it red ; alkalies turn it to a green. 

717. Boil litmus in five or six times its h^ilk q1 ^^^^ \ ^^t^- 
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pare test papers with the solution as in 715. They are reddened 
by acids, out not turned to a green by alkalies. 

718. Pour upon a table-spoonful of turmeric placed upon a 
common plate three or four times its bulk of boiling water, 
and prepare turmeric test papers as in 715. They are of a fine 
yellow, and become reddish-brown by alkalies, but are not 
affected by acids. 

719. Add a little alum in solution to a dilute solution of 
litmus in a jar or flask ; mix a little potassa with the liquid 
till the alumina appears, which combmes with the colouring 
matter as it is precipitated. 

720. Dip a piece of cotton cloth into a diluted solution of 
sulphate of iron, and allow it to dry ; immerse it afterwards in 
an mfusion of galls, containing gallic acid ; it unites with the 
iron, and the cloth is dyed of a bluish-black colour. 

721. Mix a little of the solution of the sulphate of iron with 
paste, spread it very thin upon cloth, and take up a little by 
pressing upon it any stamp or block of wood with a pattern 
cut upon it, which may be applied many successive times to 
different parts of the cloth if required ; any plain piece of wood 
will do, it no pattern can be made. Dry it, immerse it in a 
little aqueous ammonia diluted with much water ; the acid n 
removed, and the pattern appears on the cloth in the form of 
oxide of iron. Run a little water upon it, and pour upon oii6 
portion the infusion of galls. A black p»attem is now seen 
upon a white ground. Put another portion into & basin ot 
water, to which a few drops of ferro-cyahate of potassa in 
solution and aqueous nitric acid shall have been added. A blue 
pattern is now observed. 

722. Put a number of flowers of any colonr, and also seve- 
ral green leaves, into a vase of chlorine ; all of them are quickly 
blanched. ' ' 

723. Put a hank of unbleached yarn, and a number of strips 
of different coloured cloths, dyed with animal or vegetable 
colouring matter, into a solution of chlorine in water. They 
are all soon bleached by the powerful action of the chlorinls. 
Similar experiments may be tried by adding a solution of chlo- 
rine to solutions of colouring matter in water. Chloride of 
lime dissolved in water may be substituted for chlorine, adding 
a few drops of acid. 

724. Put several flowers into a large glass jar, and inflame a 
little sulphur in a small metallic cup placed within the jar. 
The sulpnurous acid produced by the combustion of the sol- 
phur blanches a numoer of flowers. The purple grape hyu^' 
cinth, the blue crocus, the violet, and many other blue flowers^ 
do well for this experiment ; the first is the best. 
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725. Hold some of the blanched flowers in vapours of hydro- 
chloric acid gas, produced by pouring aqueous sulphuric acid on 
common salt ; the acid, acting on the base of the colouring 
matter, produces a red tint. 

726. Put another portion of the blanched flowisrs into a jar 
eontainins; a very little strong aqueous ammonia ; the vapour 
escaping from it turns them to a fine green. 



CHAPTER XXX. 

SUGAR. — ^VINOUS FERMENTATION. — ^ALCOHOL. — ETHER. 

727. Sugar is a vegetable principle which is capable of afford- 
ing a great diversity of products, more particularly when sub- 
jected to those changes that accompany the vinous fermentation, 
a process that consists essentially m the decomposition of sugar, 
and in the production of alcohol and carbonic acid. 

728. Sugar is solid, white, and inodorous when pure, and 
does not deliquesce on exposure to the air. It is soluble in 
water and alcohol, and combines with alkalies, earths, and 
metallic oxides. By the strong acids it is decomposed. Su&^ar 
is procure^ principally from the luice of the sugar-cane, which 
may be regarded as an impure solution of sugar. Acids which 
it contains are neutralised by lime, and numerous impurities 
are removed as the juice is boiled. The solution, after concen- 
tration, gives raw sugar on cooling, from which the concen- 
trated syrup termed molasses is then drained. By repeated 
solution, filtration, and crystallisation, the sugar is ultimately 
rendered of a pure white colour ; animal charcoal is employed 
to a great extent in this process to destroy colouring matters, 
and albumen to coagulate and entangle impurities. 

720. Sugar presents a great variety of appearances in its raw 
state, according to the strength and purity of the solution from 
whicn it is deposited. Its texture and appetirance also are very 
various when fused, crystallised slowly, or combined witn 
vanv^is proportions of water, colouring matter, or other mate- 
rials. ., 

736. Vinous Fermentation. — ^The i;erm fermentation is used 
generally to signify any of those changes that are induced spon- 
taneously in animal or vegetable matters by the reaction of 
their elements, and vinous fermentation constitutes that variety 
in which alcohol is produced by the decomposition of sugar. 
Vegetalple juices containing sugar, or a solution of pure sugar 
in water, when exposed to a temperature b«t.vi^«v\. ^ vsv^'^^ 
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degrees, soon nndei^o the vinous fermentation, on the addition 
of yeast. This is the flocculent matter that is formed during 
▼inous fermentation, and is particularly distingtiished by its 
power of promoting it. 

731. During vinous fermentation, every 46 grains of sugar 
decomposed ^ive (omitting fractions) 22 of carbonic acid and 
23 of alcohol. In numerous instances the fermentation is 
checked before all the sugar is decomposed, and then a sweet 
compound is produced, which varies in its qualities according 
to the amount of carbonic acid retained, and the variety of 
mucilaginous and other matters that may be associated with 
the alcohol and water of the original juice or solution employed, 
more particularly volatile oils, astringent matter, and colour- 
ing matter. 

782. The stronger wines have been said to contain 26 per 
cent, of alcohol, and others from 12 to 18, while ale, porter, 
cider, and peny, contain from 4 to 10 per cent. These esti- 
mates are now considered to be rather high, according to some 
recent experiments. 

733. Alcohol is a transparent, colourless liquid. It boils 
at 173*6, when its specific gravity is *810. It is inflammable, 
and bums with a pale flame : the products of combustion are 
water and carbonic acid. It dissolves numerous salts, and 
also resins, camphor, and volatile oils. It combines with 
water in every proportion, and the amount associated* with 
it is estimated by ascertaining its specific gravity ; the less its 
specific gravity, the smaller is the proportion of water com- 
bined with it. In purchasing alcohol for experimental pur- 
poses, its specific ^avity should be carefully ascertained ; or 
it may be mixed in a phial with dry carbionate of potaissa, 
which falls without being dissolved. 

734. Alcohol is prepared by distillation from wine, ale, 
porter, the fermented infusion of malt, or other materials 
prepared expressly for aflbrding this substance in a concen- 
trated form. Brandy is the product obtained from wine, 
whisky from the fermented infusion of malt, and rum £ram 
the fluid obtained by the fermentation of molasses. 

736. From these distilled liquids a stronger spirit, termed 
spirit of wine, is prepared by a second distillation, and rectified 
spirit of wine is usually the product of a third distillation. 
Alcohot, or spirit absolutely free from water j is procured by- 
treating common alcohol with chloride of calcium, lime, or 
other materials which have a powerful attraction for water, 
separating: the alcohol carefully by distillation. 

736. Ethers ai*e very volatile, inflammable, and fragrant 
compounds^ which are usually obtained by the action of adds 
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with alcohol. Sulphuric ether is formed by mixing equal 
weights of sulphuric acid and alcohol, when the ether is 
formed on the application of heat, and may be separated by dis- 
tillation. Nitric, called also hyponitrous ether, may be formed 
on the same principle ; but tne materials must be mingled 
irith extreme precaution, and by peculiar arrangements, otner- 
wise violent and dangerous explosions are apt to take place. 

787. Aldehyde is the term' applied to a compound obtained 
from alcohol, by removing part of the hydrogen which it 
eontains. 



CHAPTER XXXI. 

ANIMAL CHEMISTRY. 

788. In the animal kingdom, the chemical changes that 
ensue during life are in general more complex than those 
observed in the vegetable kingdom. This arises from the 
more elaborate organisation observed in the bodies of animalsi 
and the abundance of nitrogen. 

739. From the blood, according to the structure of the 
various organs or tissues to which it is carried, each selects 
that portion which is required to sustain its functions, pro- 
ducing thereby a series of chemical changes, and returning at 
the same time by the blood-vessels, or by another peculiar 
aeries of vessels termed absorbents, the waste or debris pro- 
duced in each particular place. 

740. This waste or debris is in its turn a^n cast off from 
the blood, every portion of the system being m a constant state 
of decay and renovation during the whole period of existence. 

741. While incessant changes advance in the materials 
composing the living frame, the progress of investigation is 
daily strengthening the opinion that electric currents pervade 
the whole system, and reciprocally affect and are affected by 
all chemical changes that take place in the body during life. 
Much interesting evidence has also been adduced to prove 
that the electric power may be the medium or instrument by 
which sensations are transmitted to the sensorium, and com- 
munications established between the brain and all other parts 
of the body, through the medium of the nerves. No plausible 
conjecture, however, much less any practical evidence, has 
been adduced as to the manner in which we become sensible 
of the operations going on in our own system, though the 
body during life has been, not inaptly, compared to a country 
intersected and traversed at every pomt by electric telegraphs, 
the living soul being the observer that ^OTk& \\!l^ \fS^^'^v^^ 
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and the brain the atation-house in which his operations are 
carried on. 

742. During digestion, the food mixed with saliva, other 
animal fluids, and with oxygen from the air, undergoes an 
intestine change, and gradually assumes the consistence of 
a pulp, when it is termed x^hyme. It was considered that a 
pec|2^iar fluid — the gastric juice, or a substance in it termed 
pepsine-y^'prodjioed uiis change ; but many concurring' causes 
are requisite to effect it, of which the action of the nuida in 
the stomach form a most important part. The chyme is sub- 
jected subsequently to the action of tne bile, and innumerable 
vessels called lacteals, whose mouths open on the interior 
surface of the intestines, and remove a milkv fluid, which is 
Unally conveyed to the blood before it proceeds to the lungs. 

743. Respiration consists in the inspiration and expiration 
of air, the fresh air descending by a species of diffusive power 
into die minut« vesicles in whicn the branches of the wind- 
pipe finally terminate, while a corresponding portion of air 
that has already acted on the blood in these vesicles escapes. 
The air does not come into direct contact with the blood, 
but reaches it through a membrane sufficiently strong to 
retain the blood, but sufficiently porous to admit oxygen to 
pass into the blood, and carbonic acid gas to escape. The 
dark purple blood returned from all parts of the body by the 
veins now becomes brightly red, and is conveyed to the heart, 
to be distributed again to every part of the frame by the 
arteries. In the smaller branches of the arteries, termolthe 
extreme capillaries, the blood becomes purple as it conye^rs 
nourishment and support to each portion oi the body, and it 
is liere considered to acquire that carbonic acid which is sub- 
sequently evolved in the lungs. Whatever other changes 
may aocompany respiration, the prominent feature i^, the 
absorption of oxygen in the lyngs, and the ^volution of a 
corresponding quantity of carbonic acid; this operation is 
regarded as uie great source of animal heat, 

744. The insensible transpiration thiat p);9cee4s through 
innumerable apertures at the surface of tbe skip, is accom* 
nanied by the evolution of carbonic acid, as in respiratlbn. In 
both cases, moisture is exhaled along w;ith the acid gas. 

745. Watch the number of expirations by examining the 
heaving of the chest, or th§ moisture condensed on a plate of 
cold glass; thev vary from 16 to 20 or. upwards per minute, 
and may therefore be estimated on an average of from 960 to 
1200 per hour. 

746^ Blow through a glass tube into water tinged with 
litmus ; the carbonic acid i^dens the litmus. Blow in the 
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same manner into lime water ; carbonate of lime is quickly 
deposited. Blow into a small flask with a tube, expelling as 
much air as possible from the lungs, and immediately intro- 
duce a lighted candle suspended by a wire ; it is extinguished. 

747. The hlood of the higher classes of animals consists 
essentially of a transparent fluid, in which red globules are 
observed ; they are composed principally of Hbrine and colour- 
ing matter. On being drawn from the body, the red globules 
8epai*ate from this fluid (called serum), and appear finally in 
the more solid portion, termed the crassavientum or cloL 

748. Fibrine is the solid that forms the basis of muscular 
fibre, and is obtained most easily from the solid portion of 
coagulated blood, by washing it with water till all colouring 
matter is removed. It is insoluble in water and alcohol. 
Albumen constitutes the principal animal matter in the serum 
of the blood and in the white of the e^^ ; it is coagulated by 
heat, numerous acids, and alcohol. 

749. Gelatine is particularly distinguished by its solubility 
in cold or boiling water, and the insoluble compound it forms 
with tannin. Leather is a compound of tannin and gelatine. 
Glue, size, and isinglass are composed of gelatine. OB^eine is 
obtained from milk, and resembles the three preceding com- 
pounds in its composition. 

750. Kreatine and kreatinine are compounds which have 
been extracted from the juice of flesh and other animal pro- 
ducts. Lactic a,cid is found associated with many animal 
substances; it received its name in consequence of having 
been procured at lirst from milk. 

751. Animal oils and fats, including butter, are analogous 
in composition and properties to those obtained from the vege- 
table kingdom. In the condition in which they are usuuly 
met with, they may be regarded as fatty acids, associated 
with small portions of glycerine or other animal matters. 
From these they may be separated in general by combination 
with an alkali, removing the alkali afterwards by the addition of 
sulphuric acid. Soaps consist of these acids and alkalies. 

752. Milk contains caseine, albumen, a peculiar saccharine 
matter termed lactine, and saline compounds, in addition to 
the oily matter associated with it. These constitute from ten 
to twenty per cent, of different kinds of milk, the remaining 
portion being water. 

758. Bile contains a great variety of substances, and the 
;nost essential ingredient is regarded as a compound of a fatty 
acid and soda. 

754. Bones are composed principally of earthy matter; con- 
sisting almost entirely of phosphate of lime, and ma.-^ W^^k^- 
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cured by burning the bone in an open fire. If heated where 
the air is excluded, the earthy matter is left black, consti- 
tuting in this condition the mixture usually termed animal 
charcoal. The charcoal is derived from the decomposed animal 
matter. If bone be placed in diluted muriatic acid, the earthy 
matter is slowly dissolved, the animal matter being* left. 

765. After death, a senes of chemical changes ensue in 
animal substances, during which numerous offensive gases 
and deleterious compounds are evolved. They are prone to 
induce disease by their action on the blood ; they are deficient 
in oxygen, and are rendered innoxious when freely oxidated 
by the air, or absorbed by growing vegetables. Adipocire is 
an imperfect saponaceous compound, formed when different 
animal matters are long exposea to the action of water. 

756. Numerous sanitary measures depend on the removal 
of decayed animal and vegetable matter in a state of putrefac- 
tion. Interments in towns and in or below churches have 
often constituted one of the most oppressive sources of disease 
and death, and are interdicted in numerous places abroad. 

767. Lime, chloride of lime, muriate of zinc, and many 
other materials, are applied to special sources of noxious emana- 
tions, with the view of counteracting their bad effects. When 
old drains or cesspools are opened, a fire should be kindled^ to 
which all noxious emanations may be led and consumed. 
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CHAPTER XXXII. 

FLAT GLASS, TUBB, AND BLOWPIPE APPARATUS. 

768. When slips of glaziers' window -glass are properly 
selected, they may be used for the following purposes : — 

759. I. Solution, — Broad slips of the size seen in figs. 85 
and 86, or twice the length and breadth seen there, are best 
adapted for this purpose ; they are held by one extremity, and 

Fig. 85. 




a minute quantity of the substance to be dissolved, about the 
size of a mustard seed, is placed at the other, covering it 
with eight or ten drops of the liquid used for solution. 

760. II. Boiling liquids. — Slips of the same size as fi^. 86 
may be employed, but they ought to be selected as thin as 
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possible ; those which are about the 20th of an inch in thick- 
ness do well. The part heated should be .covered for the length 
of an inch or two with the liq^uid to be evaporated ; the slip 
may be placed before the fire, m a current of warm air, or one 
or two inches above the flame of a very small lamp or candle. 

Fig. 86. 




761. III. Crystallisation. — Solutions to be crystallised may 
be spread over the greater part of the glass, and left to evapo- 
rate spontaneously, or concentrated by heating, removing the 
slip from the heat the moment any solid appears on the edges ; 
if the heat be continued longer, a confused mass is generally 
observed instead of crystals : fig. 85 represents the appearance 
frequently seen, where small needle-like crystals are produced. 
Glauber salts ^sulphate of soda), oxalic acid, hydrocnlorate of 
strontia, and bichloride of mercury, give solutions which crys- 
tallise with great facility. 

762. IV. Filtration. — When a solution is turbid, from the 
admixture of solid matter, it should be collected at one extre- 
mity ; a small tapered piece of bibulous or filtering paper, is 
then placed next it, as in fig. 86, when the Fig. 87. 
i^iiid m general passes along, and a drop of 
clear fluid is obtamed at the pointed extremity 
of the paper. The glass slip should be gently 
inclined, and more water or other solvent 
should be added, if there be not enough to 
moisten the paper. When the solution does 
not filter readily in this manner, a square piece 
of paper may be folded in two, this being 
again repeated, so that on opening it in the manner seen in fig. 
87» the fluid may be poured into it as it rests on the side of the 
flat glass. 

763. V. Distillation. — ^In a few cases, if a very cold slip of 
glass be held above a fluid evaporating steadily on another 
dip, part of the vapour may be condensed and retained on the 
cold slip. 

764. These slips, or the narrow slip represented in the fol- 
lowing figure, may also be used for precipitation. 

765. VI. Slips JOT testing, stirring, and lifting fluids. — These 
are made of the form and size shown in fig. 88. Dipped into 
any solution, a portion adheres to the extremity \ it yc^s \2bssp^ 
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be divided into nmny amnl! portions, upon b broad slip of ^lass 
or paper, bj touching it with the end of the slip to which the 



fluid adheres. The nRirow slips bein^ cleaned in a basm m 
water, may then be dipped into any tests, and applied to ea*;h 
separate portion distributed over the glass or paper, as in 




766. VII. for fusion and decomposition, the broad slips may 
be employed where an intense heat is not i-equired. In exa- 
mining the effect of heat where a more elevated temperature 
is necEBsary, the nari-ow slip should be emnloyed, and no more 
taken np than can be lifted Dy the point, the quantity not ex- 
ceeding in bulk the head of a smsll pin. Fractiee experiments 
of this kind with acetate of lead, red lead, sulphate of copper, 
sulphate of iroa, nitrate of silver, lerchloride of gold, and any 
other substances the effect of heat upon which has already 
been described, 

767. In experimenting with horai and metallic oxides or 
other substances, heat the pointed extremity for half a minnte, 

Pj^ gg^ dip it instantly into powdered 

borax, a portion of which im> 
mediately adheres ; it is then 
brought in contact with the 
substance to be i^ised along 
with it, moistening it, if this 
be necessaiT, to make a little 
adhere. The material is 
usually heated in the flame of 
a lamp or candle ; in tbe outer 
flame, d, a, fig. 41, hot air acta 
upon it, but in tbe inner flame 
it is subjected to the action of 
hot carbon and hydrogen. 

768. When minute portions 
of different substances are ob- 
tained in the course of blow- 
£at-g1aBS experiments, it is often required to heat tbem - 
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Pig 92. 



in tubes with solids or liquids. In such cases, small tubes 
made of very hard glass, and of the size seen in iig. 90, are 
desirable. The tube a h indicates a mixture at a, introduced 
with the assistance of the platinum wire a, around which a 
common thread h is twisted, that the neck of the tube may 
afterwards be well cleaned. Similar tubes and wires are used 
in cases where minute portions of matter are to be fused or 
volatilised. 

769. Fig. 91 represents a blowpipe made of tin, with a brass 
Fig. 91. nozzle inserted at the lower 

extremity. The upper part 

of the tube, into which air 

is blown by the mouth, is 

8-lOths of an inch in dia- 
meter, the lower part an 

inch, and the nozzle, which 

proceeds from it, and is in- 
serted into the flame of a 

candle, or of an oil, tallow, 

or gas lamp, terminates in 

an opening about l-40th of 

an inch in diameter. By 

blowinff through this tube, 

when t-he nozzle is held in 

any flame, it may be made 

to produce a conical flame, 

or blowpipe dart, as it is 

frequently termed, with 
which numerous experiments may be per- 
formed, where small portions of matter are 
subjected to its influence. The outer part 
of the flame abounds in oxygen derived 
from the air, and is termed the oxidating 
flame; Ifiie inner part, when yellow, and 
loaded with hydrogen and carbon, is termed 
the deoxidating flame. The carbon and hy- 
drogen tend to remove oxygen. The blow- 
pipe may be made ten inches long. Fig. 
92 illustrates the more important points to 
which the student should attend at first, in 
examining minutely the nature of the blow- 
pipe flame. He will proceed most satisfac- 
torily by heating a small platinum hook, 
which may be used for lifting and exposing 
to heat numerous substances that may be 
melted upon it. 
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1. Points out an interior oxidating cone, so small that it is 
scarcely noticed under ordinary circumstances, and formed by 
air proceeding directly from the blowpipe. 

2. The blue flame, which becomes nighly deoxidating when 
it passes into a very luminous and carbonaceous flame. 

3. Shows the outer flame, which consists principally of pro- 
ducts of combustion. 

4. Hot air beyond the outer flame, which is highly oxidat 
ing. 

5. The point of ^eatest heat. 

6. The termination of the visible flame. 

7. Hot products of combustion, oxidating or not, according 
to the air mixed with them. 

8. A point at a certain distance from the visible flame, at and 
beyond which an oxidating effect is always to be observed. 

If a salt containing soda be made to adhere to the platinum 
wire, it presents the appearance seen at 8. 

770. By blowing with the cheeks distended like a trum- 
peter's, and endeavouring to renew the blast as speedily as 
possible when it intermits during inspiration, the habit of 
keeping up a continued blast is acquired, the air with which 
the cavity of the mouth is flUed being used to maintain the 
stream, while a fresh portion passes down by the nostrils to 
the lun^. 

771. When a metal is to be procured from an oxide, or any 
deoxidating effect to be produced, a charcoal support is used ; 
a piece of wood heated at one end in the Are so as to become 
black, does very well. Red oxide of lead, and aqueous sul- 
phate of copper, are much used in practising the extraction of 
metals by the blowpipe. If the outer flame is to be used, a 
slip of glass, with a small earthen cup at one extremity (flg. 93) 
is the most convenient support ; if the extremity be touched 

Tig. 93. 




with a minute quantity of a solution of silicated potassa, 
it adheres firmly, and any substance placed upon it may be 
exposed with great facility to the action of the outer flame, and 
all the effects produced and seen with great distinctness. 

772. These blowpipe cups are prepared in the following 
manner. Procure a piece of brass, one-twentieth of an inch 
thick, of the size shown in fig. 94, and with seven round holes 
in it. Place it upon a slip of paper, and fill up the apertures 
with pipe-clay, previously mixea with water, and having the 
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consistency of dough. Remove any superfluous clay with the 
finger ; then press them with the finger, the hrass mould and 

Fig. 94. 




paper resting on the left hand, so as to mve them a cupped 
lorm. Dry them slowly hefore the fire tor an hour or two, 
and heat them to redness in a crucihle to make iiiem fit for 



use. 



' 773. Heat iron, lead, copper, zinc, tin, bismuth, and anti- 
mony, on these cups, in tne outer flame, and compare the 

Fig. 96. Fig. 96. Fig. 99. 





Fig. 98. 





^ 






Fig. 97. 
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efiPect produced with what is observed when they are heated 
on charcoal. 

K 
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774. Fuse a little borax on seyeral cnps, using it alone on 
'One, and touching the others Mdth a little m each of the follow- 
ing substances : — Binoxide of copper gives a screen glass ; me- 
tallic copper is seen in the inner name. Binoxide of manganese 
produces an amethystine tint. Arsenuret of cobalt (common 
ore of cobalt), mixed with an equal weight of nitre, produces 
a fee blue. Try also the borax on the cups, after touching it 
with a solution of gold. A ruby-coloured compound is formed. 

775. !Fig. 95 shows another lorm of the common blowpipe, 
&8:ed to a small plate of lead, so that its motion can be regu- 
lated by the mouth, and the hands left free for experimentmg. 
A form of gas-burner is represented there, which is mucn 
employed in blowpipe experiments. The jet represented in 
fig. 49 is also well adapted for this purpose. 

TUBE APPARATUS. 

776. Ttibes of thin glass^ of the size and form shown in fig. 96, 
are extremely convenient for numerous experiments where 
gases are evolved, liquids to be boiled, or solids to be heated 
and sublimed. Cases for holding them may be easUy made 
of wood, of the form represented in figs. 97 and 98. Sm^dl 
retorts and receivers, pipettes and funnels, are frequently made 
with tubes, for operating on minute quantities of different 
substances. 



CHAPTER XXXIII. 

MISCELLANBOUS APPARATUS — MATERIAIfi FOR EXPERIMENTS. 

777. Flasks of the form shown in figs. 100 and 101 are much 
used in a variety of experiments. Fig. 102 represents two 
small flasks, or bulbs of glass, connected by an mtermediate 



Fig. 100. 



Fig. 101. 





Fig. 102. 




tube« so as to be used as a small retort and receiver. The wide 
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flask, fig. 100, if four or five inches in diameter, does well for 
burning phosphorus and other materials in oxygen ; these are 
supported on a stand, as in fig. 85, the support being of a 
height equal to the leno^th of the neck of the nask ; the flask, 
fall of oxygen gas, is tnen placed over the inflamed material ; 
the mouth being doMnawards, and allowed to rest on raider a 
rough or grooved surface, that part of the oxygen may escape 
freely as the expansion proceeds. 

778. Fig. 103 shows the form of a wooden stand with a 

Fig. 108. 




number of apertures, very convenient for giving a temporary 
support to retorts, flasks, funnels, and other apparatus. 

779. Fig. 104 is intended to give an outline of a very plain 
form of a retort stand, which is extremely useful, and may be 
made in a very short time by any blacksmith. It consists of 
a small plate of wrought-iron, seven inches lon^, three broad, 
and one-half of an inch thick. A stem rises three-eighths of 
an inch in diameter, and ten inches long. Rings are made of 
iron-wire, whicfh are supported by coiling the wire two times 
and a half round the stem. These may be moved readily upon 

Fig. 104. Fig. 106. 
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Fig. 106. 



Fig. 107. 
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the stem, but when any weight rests upon the extremity, they 
become quite fixed. 
780. Figs 106 and 106 show the form of tS^fc ViTv%^»sscL^'lRrt 



introducmg liquids intoa^lain retort, ttndof dcoramanfuDDe], 
Bueh ae is usea for filtration. Fig. T - - 

filtering paper, fiilded in the manne 
must be filtered quickly. 

781. Figa. 108, 109— -a rake and scraper reqnired in fiimace 
experiments. Figa. 110, 111, show the form of small wires of 

Slwnum, usad far supporting minute quantities of materials in 
lie flame of a lamp. 

Fig. ice. Fi(. int. Fig. 11(1. FiK. 111. Fig. in. Pig. IU.F^ll^ 




782. Figs. 112, 113, 114, represent different forms of tongs 
and pincers. Fig. 115 — a crucible and its cover. F^. 116 — a 
crucible covered with another luted to it, gas being carried off 
at an aperture made in the top. Fig. 117 — tin pincers 

Fig. US, Fig. 118. Fig. 117. 
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783. A conical piece of tinned, iron, open above and below, 
heii^ filled with clay, and a piece of hard wood of the same 
form, but e, little smaller, being pressed into it, a crucible is at 
once obtained, which must be dried and heated slowly before 
it is used. The tin and tbe wood must be well oiled to enable 
the cracible to be removed. Small crucibles, two inches deep, 
one inch and a half wide at the top, and tapering a little to the 
bottom, are very convenient for numerous experiments. 



784. In using retorts, flasks, and cmcibles, they should not 
n oeneral be filled more than one-third full, where the mate- 
ials are apt to effervesce or boil over. 
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785. Pneumatic jars (see par. 243, fig. 24) must be filled 
cautiously with water when they are mounted on the shelf 6, 
to prevent them from being Imocked over by any sudden 
movement in the fluid ; the spout c leads any excess of water 
into the box/. 

786. Small pieces of tin, copper, iron, and zinc wire, plate 
or foil, are very useful in expenments on the small scale. 

787. Solutions are usually prepared by merely agitating the 
solid with water, or some other solvent, if it be very soluble ; 
the mixture is boiled, if the substance be sparingly soluble. 

788. Equal weights are always understood when the term 
'' parts" is used, unless parts by measure be specifically men- 
tioned. 

789. Cubic inches are expressed by c. L, weight by W., 
volume by V. 

790. Tne following table may be frequently referred to, so 
as to enable the experimenter to calculate the weight of mate- 
rials used from the amount of the measure. 



Distilled Water, - 


Specific 
Gravity. 


Weight in GrainR of 


r 

1 Ounce. 


1 Drachm. 


1 Minim. 


1-000 


456-72 


66-96 


0-947 


Sulphuric Ether, 


0-720 


328-12 


41-01 


0-683 


Alcohol, - - - 


0-796 


362-76 


45-34 


0-749 


Solution of Ammonia, 


0-926 


421-54 


52-69 


0-878 


Hydrochloric Acid, 


1-118 


509-$0 


63-68 


1-061 


Nitric Acid, '- 


1-480 


674-47 


84-30 


1-405 


Sulphuric Acid, - 


1-848 


842-18 


105-27 


1-754 



60 drops or minims 
8 drachms 
16 ounces 
8 pints 
Imperial pint 
Imperial fluid ounce 
Cubic inch 
Pound, avoirdupois 
Ounce, avoirdupois 



Memoranda, 

= 1 drachm. 

= 1 ounce. 

= 1 pint. 

s 1 gallon. 

= 8760* grains of distilled water. 

= 437-5 

= 252-458 

= 7000- 



= 437-5 

791. The small museums, with flat glass, prepared by Mr 
Macfarlane, consisting of about sixty specimens, with bottles 
containing the most important acids and alkalies, are extremely 
useful in enabling the student, who has neither time nor oppor- 
tunity to operate with more extensive apparatus, to make 
himself familiar with a wide range of chemical phenomena. 

792. The following list of materials and a^^arefcvaa \a2s^ \sfc 
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useful to those proposing to commence a series of experiments 
by themselves. 

[An asterisk (*) indicates that the substance before which it is placed should 
be kept in solution as well as in the solid form. Phials capable of holding from 
one drachm to two or three ounces, will do extremely well for this purpose. 
Boxes containing the materials, &c., represented below, should not cost more 
than about ^'3 : when of the \axget size, and intended for introductory courses in 
schools and academies, from £6 to £L0 may be expended upon them.] 

Sulphuric, Nitric, and Hydrochloric Acids ; Solutions of Fotassa 
and Ammonia — ^must all be kept in stoppled phials. 



Sulphur. 

Phosphorus. 

Iodine. 
•Fused Potassa. 
•Carbonate of Potassa. 

Bicarbonate of Potassa. 

Sulphate of Potassa. 

Nitrate of Potassa. 

Chlorate of Potassa. 

Bitartrate of Potassa. 
*Ferroprussiate of Potassa. 
•Bichromate of Potassa. 
•Iodide of Potassium. 
•Silicated Potassa. 
♦Carbonate of Soda. 

Bicarbonate of Soda. 

Phosphate of Soda. 
•Oxalate of Ammonia. 
•Carbonate of Ammonii 
•Hydrosulphuret of Ammonia. 
•Chloride of Lime. 
•Hydrochlorate of Lime. 

Sulphate of Lime. 

Phosphate of Lime. 

Phosphuret of Calcium. 

Fluoride of Calcium. 

Sulphate of Baryta. 
•Nitrate of Bar3rta. 

Sulphuret of Barium. 

Strontia. 
•Hydrochlorate of Strontia. 

Magnesia. 

Sulphate of Magnesia. 
•Alum. 



Iron. 

Oxide of Iron. 

Peroxide of Iron, 
•Sulphate of Iron. 
•Perhydrochlorate of Iron. 

Lead. 

Sulphuret of Lead. 

Litharge. 

Red O^dde of Lead. 

Carbonate of Lead. 
•Acetate of Lead. 
•Nitrate of Lead. 

Ore of Cobalt ( Arsenuret). 

Tm. 

Bismuth. 

Antimony. 

Sulphuret of Antimony. 

Copper. 
•Sulphate of Copper. 
•Nitrate of CoK)er. 

Zinc. 

Oxide of Zinc. 

Arsenious Acid. 

Sulphuret of Arsenie. 

Binoxide of Manganese. 

Mercmy. 

Binoxide of Mercury. 
•Bichloride of Mercury. 

Bisulphuret of Mercury. 

Bicyanide of Mercury. 
•Nitrate of Silver. 
•Bichloride of Platinum. 
•Terchlorideof Gold. 
•Tincture of Galls. 



Silica. 

•Oxalic, Tartaric, and Benzoic Adds. 

Cabbage, Turmeric, and Litmus Test-Papers ; Entering Paper. 
Chalk or Marble, Sulphuret of Iron, and Borax, may lae provided 
in larger quantity. 
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Pneumatic Trough with SheH 

Pneumatic and Precipitate Jars, 
with Tin Trays. 

Tube Retort, Receiver, and 
FunneL 

Basin for Evaporating. 

Watch Glasses. 

Test-Tubes. 

Pipettes. 

Bottle and Bent Tube. 

Spirit-Lamp. 

Glass FunneL 

Slips of Glass for Solution, Eva- 
poration, CrystallisatioD, Fu- 
sion, and Testing. 

Apparatus for Listantaneous 
Light. 

793. Paper dipped in different fluids is well adapted for 
illustrating a great variety of chemical phenomena. Dip dif- 
ferent slips of paper into solutions of nitre, nitrate of lead, and 
nitrate oi copper ; dry them and set them on Are, so as to bum 
without flame ; carbonate of potassa, highly alkaline, Is pro- 
duced with the first, metallic lead and copper with the others 
— ^the copper immediately attracting oxygen, and assuming a 
dull appearance. 



Retort, Stand, and Ring. 
Cupped Iron Block with Iron 

Bar. 
Triangular Supports made of 

Wires of different Metals. 
Crucibles. 
Blowpipe. 
Blowpipe-Lamp. 
Blowpipe-Cups. 
Brass Mould for making them. 
Platinum Wire. 
Supports for Candles, Sulphur, 

Phosphorus, Test-Tubes. 
Iron- Wire, Slips of Copper and 

Tin. 
Phials, Test-Tubes. 
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Chap. III. — In studyinff the chemical equivalents of ele- 
ments and compounds, it should be recollected that there are 
numerous combinations where the state of the science does 
not admit that precise and specific statement as to composition 
which the progress of discovery may realise. This is more 
particularly noticed in many of the combinations of the ani- 
mal and vegetable kingdom, though in the mineral kingdom 
also there are abundant examples of a similar nature. Albu- 
men, fibrine, and caseine, for instance, are so nearly alike in 
composition, that they have been regarded as composed of 
one principle, termed proteine, and mmute portions of other 
substances, so small in quantity, as not at one time to have 
been considered essential to their composition. Every suc- 
ceeding day, however, proves the important action which 
even minute quantities of materials may have on chemical 
combinations, and therefore, if always present, they must be 
regarded as essential to the constitution of the compound into 
which they may enter, as those elements which are present in 
the largest proportion. One part of a peculiar substance ^^ ^^ 
found in malt, namely, diastase, will convert 2000 
parts of starch into sugar, and still smaller propor- 
tions of special substances are known to exert the 
most powerful influence in numerous cases of che- 
mical action. Slight changes of temperature, or the }| 
influence of water under circumstances where it 
might be apt to escape attention, equally demand 
attention ; starch, which is insoluble in cold water, 
may be convertea into a matter resembling gum, and 
termed dextrine^ by the action of boiling water. 

Chap. VI. — ^The water hammer, the pulse glass, 
and the cryophorus, are three instruments in familiar 
use to illustrate vaporisation and evaporation at re- 
duced pressures, and may be obtained at the philo- 
sophical instrument makers. 

The water hammer consists of a ^lass tube, of the 
form shown in fig. 118, from which all air has been 
expelled by boiling the water within, and sealing it 
hermeticaUy by melting the glass at the upper extremity as 
the steam escapes. Tne water within \>eim^ \)qk>& ^^^\ft.^\j^ 
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from the pressure of the air, and heing subject to no pressure 
except that of the minute quantity of watery vapour that 
rises from it, boils when the instrument is held in a warm 
hand, and on placing it so that the large ball above is filled 
with water, the steam produced below is condensed by the 
water above. It is called a water hammer, from the loud noise 
produced by the water falling from one part to another when 
suddenly inverted. 
The puhe glass (fig. 119) is prepared with alcohol in the 
Yig, iia same manner as the water ham- 

j mer, all air being expelled bjr 
^ boiling the alcohol before it is 
sealed hermetically. When the 
ball a, placed so as to contain 





Fig.iao. 





the alcohol, is held in the hand, 
it boils with rapidity, and is expelled by its own vapour to 
the ball b» 

The cryophomsy or frost-bearer, like the preceding instru- 
ments, contains water, but no air. When a freezmg mix- 
ture is placed around 
the empty ball b, as 
shown in fig. 120, a 
retort stand <; d, re- 
taining it in its place, 
the vapour in ^ is 
condensed rapidly, 
d and fresh vapour rises 
80 rapidly from the 
water in a, and removes so much heat from the water as it 

pjg^ 121. evaporates, that a thick 

X^TK crust of ice is soon 

^*<2\ formed on its surfiu^. 

The name of the instru- 
ment is derived firom 
Greek words signifjring 
to bear frost. It illus- 
trates beautifully many 
circumstances con- 
t nected with evaporation 
▼ which were previously 
demonstratea solely by 
experiments with the 
air-pump. 

Chap. X. — Fig. 121 indicates an apparatus in general use 
/or jUnstratiii^ the development of magnetism in a piece of 
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soft iron by electricity. It consists of a copper vessel made 
of a double copper cylinder, into which nitric acid is poured, 
diluted with different portions of water according to the effect 
required. A cylinder of zinc being introduced between the 
copper cylinders, a galvanic action is commenced. Wires 
attached to the copper and zinc are led into small cups con- 
taining mercury, to facilitate adjustments. A bar of soft iron 
bent in the form represented is then subjected to the galvanic 
influence by placing the extremities of tne wire coiled around 
it in the mercury in the two cups mentioned. On approach- 
ing a piece of iron, which may be loaded with a weight 
to the extremities of the iron bar round which the electricity 
passes through the copper wire, it is instantly attracted and 
retained, but falls at once when the electric circuit is broken, 
by taking any of the wires out of one of the cups containing 
the mercury. 

Fig. 122 indicates a magnetic needle a 5, and a brass wire 
arranged so as to show the principle on which electric tele- 
grraphs are constructed. ^^ ^^ 
When mercury is placed 
in the cups attached to ^ ^ 
its extremities, on in- ^ '' 



D 




Its extremities, on m 
troducing into the mer- 
cury wires from a gal- 
vanic battery, the needle 
is instantly deflected, 
and thus gives an indi- 
cation which may be 
varied according to the 
wires connected with each extremity, or repeated any number 
of times, so as to afford thereby di£^rent signals. 

In exploding gunpowder in mines below water, or in other 
places by galvanism, the match that kindles the mixture is an 
mflammable composition placed between the extremities of 
wires connected with a battery, and sometimes it is merely a 
platinum or iron wire, which becomes white-hot as the elec- 
tricity is made to traverse it. 

In electrotype operations, the metal deposited is separated in 
the same manner as crystals of metallic bodies are separated 
from their solutions, the mould to which the metsd adheres 
being suspended in, or covered with, the solution depositing it. 

Chap. XI. — When a small quantity of oxygen is required 
from chlorate of potassa, which is now prepared at a much 
less price than formerly, and therefore mot« vi%&^JcSs& Vs«^ 
experimental purposes^ it may be o^at^kkedi ^\\)ql c^^ts^^ss^s^ 
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facility when procured by heat from this salt fused in a green 
glass retort, if a little powdered peroxide of manganese be 
mingled with it. Green glass retorts are mentioned, as the 
proper variety of ^reen glass for such retorts contains no 
oxide of lea^ and is much less easily softoicd or fused on 
the application of heat. 

Chap. XIV. — In no department have the application of 
chemistry been more important in recent years than in respect 
to the comfort and economy of the arrangements made for 
the ventilation and heating of houses, as well as schools and 
public buildings. Till proper measures are introduced as 
part of the original desi^s tor buildings, instead of being ap- 
pended to a structure built without* reference to them, these 
matters can never attain the proper position in which they 
should be placed, either in respect to efficiency or economy. 
In the meantime, however, as architecture in these and some 
other respects must be considered in a state of transition at 
present, too much publicity cannot be ^ven to the principal 
resources that are available for improvmg health. In addi- 
tion to the illustrations ^ven under Ventuatioiiy the following 
may be studied and explained. 

In individual apartments, particularly in bedrooms, when 
fires are not used, and windows are shut, the fireplace com- 
municating freely with the open air by the chimney, the air 
below the level of the head of any person asleep at the usual 
level may be comparatively pure, while that breathed, and 
in general that above the head, may be offensive, and produc- 
tive of an unrefreshing and anxious sleep. A Sire, if not sus- 
tained all night, may prove oppressive, or even dangerous in 

^ j2^ some cases, if there be a 

back draught when it is 
declining. And if the 
night be cold, and the 
air entering pass at a 
low level (the case indi- 
cated in ng, 123), a cur- 
rent ma^ be sustained 
in the direction shown, 
the rest of the air being 
comparatively stagnant. 
The great remedy in all 
such cases is to provide 
a superior aperture, of which examples are given in tne sub- 
sequent figures. 
Fjg: 124 shows an example of b&ck draughts, such as are 
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often observed in apartmentB wliere there is a defective snpplj 
of air, the lai^e fire belowob- 
taining ita supply by draw- 
ing air down through the 
chimneya of the weaker fire- 
places above, which 
powered by 

some cases even a portion 
of its own smoke may be 
returned in this manner. 
The great fault requiring 




want of any adequate supply 
of air in a house too care- 
fully Sniahed to admit, by 
leakage at doors or windows, 
a sufficient amou 
many inatancea, were chim- 
ney flues reduced in size, h 
aa to discharg'e leas air, and 
a freer admission of air per- 
mitted 
cases, back draughts 



the want of adjustment be- 
tween the supply and de- 
mand of air by the 
tion with it, that 
is too often the 
permanent cause 
of smoke. No- 

nomical in re- 
spect to health 
and comfort as 
the provision of 
abundance of 

pass: ^ 

houses, as this 
maintains a com- 
paratively equal 

throughout the whole house. Hfo cause is so freauentlv pro- 
ductive of colds, catarrhs, and inflammation, as tne innueao* 
of rooms at very different temperatures in the same lunuA. 
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Fig. 125 indicates an apartment constructed for an invalid, 
who was exceedingly sensitive as to currents, and reqaired 
that the air should reach him with the least sensible impetus. 
The arrows indicate the progress of the entering air by the 
most extreme diffusion, and the escape of vitiatea air by the 
ceiling. 

In the woodcut 126, eight figures are given, which may 
be studied with the view of showing the comparative advan- 
tage and disadvantage of different movements of air. 

I. indicates the entrance of air through a door provided 
with porous pannels from a warm passage, no escape taking 
place except by the chimney b of the fireplace x, 

II. indicates a room supplied with air by a porous pannel 
above the door, the circumstances being in other respects the 
same as in No. i. 

III. This figure shows a room in which a superior aperture 
is secured for the discharge of vitiated air. Sometimes this 
aperture is made into the chimney, where there is no risk of 
accident by fire, and a valve introduced, such as has been 
recommended by Dr Arnott, to prevent return draughts. 

IV. In other cases, rooms have been constructed so as to 
admit air by the cornice, and allow the vitiated air to be dis- 
charged by a separate aperture above. The tube o shows a 
ventilating tube from a gas lamp, by which the products of 
combustion are carried off, all the arrangements being made 
fireproof so far as may be necessary. Nothing contributes 
more to the comfort of apartments lighted by gas, than the 
direct removal of the products of combustion. 

V. indicates an apartment with a porous ceiling and a porous 
floor, capable of being ventilated to any extent oy an ascend- 
ing or descending movement, according to the nature of the 
power applied at a or b. 

VI. shows the movement in a room where external apertures 
admitted air at every portion of the cornice, the force of the 
current being broken afterwards by porous canvas extending 
along the whole surface of the wall. 

VII. This figure shows the less diffusive movement that 
takes place where there are no porous wall. 

VIII. points out the movement that ensues where the ceiling 
is made porous instead of the walls. 

Each of the preceding movements has special advantages 
and disadvantages. No arrangement will suit every kind of 
weather and every variety of crowding, that does not give 
power of adjustment according as the circumstances are 
varied. Fig. v. admits of more variety of adjustment than 
the others^ but no one must expect to satisfy all constitutions 
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equally in the same apartment, so long as men have differences 
of temperament and nabits. 
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Fig. 127 indicateB a staircase receivinf; a fjeneral BUpplj of 
ur by the windovr z, to whicli any degree of warmth m^ be 
CommuDicated by a heating. apparatus at z. This will ob- 
viously maiDtain a circulation such as is indicated there llie 
amount of egress as well as ingress is regulated by tb« 
opeuiuga at x stairs are omitted that the circuiatios of ^ 
cunenta may be more easily traced It will be obvious that 
Fig 127 




movements will he induced between the contiguous rooms 
and tbia central reservoir whenever communications are made 
between them producing varied currents accordibg to the 
temperature and structure of each mdividual apartment In 
the figure, the operation of chimney flues and windows is 
entirely excluded 

a indicates Tcolder air from the passage, entering below 
the door, and forcing out warmer air by a porous ceiling 
through a valve above the door communicating with the stair* 

b indicates a movement under different circumstances, warm 
air from the passage descending through this apartment while 
colder air escapes below. 

e indicates a room with air-tight doors, hut ventilated b^ a 
descent from the ceiling and a discharge by the upper portion 
of the same aperture by which the air enters from the general 



d indicates a movement of air precisely amilar to that indi- 
cated in a, except in so far as the movement takes place 
tfirough the lower and upper portion of an open door, instead 
of through crevices in the door and through a perfoisted 
ceiling. 
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Fig. 128. Wben a number of chemical experiroentB are 
performed in any ordinary apartment where proper facilities for 
carrying off offensive fumes have not been made, arrangements 
such as are indicated in this figure may be easily introduced, 
carrying them to a greater or less extent according to the 
quantity of materials with which it may be desired to operate. 

Fig. 128. 




a indicates any opening for the admission of air which may 
be introduced by a window, or, when circumstances permit, 
through a gauze stretched so as to form a chamber for dif- 
fusion between it and the ceiling. By dipping it in a solution 
of muriate of ammonia before it is suspended, should an 
incombustible material not be employed, it is rendered difficult 
of ignition. 

b indicates a glass cylinder open at the top and bottom, and 
resting on a grating in the table c, through which any fumes 
may be carried downwards from materials placed within it. 

(/, a tube about nine inches in diameter communicating with 
the fireplace. The tube may be made of iron, earthenware, or 
bricks. 

e, an iron plate closing entirely the open fireplace^ so that 
the fire is supplied only through tne tube d, 

f and m, apertures at different places communicating with 
the chimney, which may be opened for the discharge of fumes 
and vapours when b is closed by a cover laid upon the top. 

Instead of an iron plate at e, the front of the fire may be 
bricked up, an aperture being left as is ixvdicaXA.^ vcl ^^ >sl^^ 
plate for tne management of we ^e «kXkilX)iDA «av^^ <AV^€w. 



APPINDIX. 



Figi. 129 and 130. These figures show a mode of ami 
an open fireplace in ordinaiy roomi, and of supplying them 
warmur, which haa been found very advantageou* in : 
place* where the supply of air was objected to when proi 
ID any otber maimer. 




a indicates an aperture in a wall communicating witl 
external air. 

bb, a chamber between the fireplace and the wall.inwhic 
air is healed before it enters laterally through a porous atnic 

He fireplace is made much in the same manner as i 
stoves, but lined with fire-biick in the interior. A blowe 
can be made to descend to any extent, so as to acceleral 
combnation. A basin of water on the top supplies moi 
when necessary to the warm air ; a Talve at / regulate: 
dnA 
If the teacher in primary sc^qo\« \)«u« m imn4, *.V^ 
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presenting youth with the elements of chemistry, he enables 
his pupils to become acquainted with the leading features of a 
science that forms the true key to the interpretation of innu- 
merable phenomena of nature and of art that are objects of 
daily attention, he will then see that his initiatory lessons, 
multiplied by his pupils' experience in daily life, will be equi- 
valent to a much more extended course, in proportion as his 
instructions teach them to identify the lessons received with 
external objects and the structure of their own frame. At 
the same time, the spirit of inquiry which he will stimulate in 
his own district will necessarily awaken individuals distin- 
^ished by their powers of observation to enter and improve 
different branches of science, while it will render more avail- 
able to all the powers and resources which the Author of 
Nature has provided for man in the material world. He must, 
accordingly, regard his instructions in this department as 
contributing essentially to advance objects of the highest 
practical importance to society. In particular, he should 
remember — 

1st, That systematic instruction in science can be advan- 
tageously introduced in elementary schools. 

2d, That this is a question of national importance, affecting 
equally the resources of theaffluentandthenecessitiesof thepoor. 

3d, That such instruction will contribute to the improve- 
ment of agriculture, and the development of new sources of 
industrial employment. 

4th, That it is essential to the proper education of agricul- 
turists, medical men, architects, engineers, manufacturers, and 
emigrants. 

5th, That it is necessary to meet the wants of an increasing 
population. 

6th, That it will unfold never-ceasing opportunities of in- 
teresting observation as well as of profitable employment, 
bearing on the fine arts, the useful arts, and the general 
progress of sanitary improvement. 

lliese positions have been illustrated in numerous lectures 
and demonstrations, and also in evidence given before a com- 
mittee of the House of Commons in 1835. In 1842, under the 
sanction of the Committee of the Privy Council on Education, 
they were illustrated in detail to one thousand teachers in 
London and its vicinity, in a series of twenty lectures given at 
Exeter Hall, five hundred young persons attending at the 
same time from different public and private schools. 

At that period the formation of a society in London for the 
improvement of health, the institution of a scientific associa- 
tion for teachers^ and the ex&miiiat\oTL oi ^^«t«DX. ^s»8«nrx^ 
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in London by members of this association and other parties 
continued to en^j^e attention till the Health of Towns Com- 
mission was instituted by her Majesty's government. The 
association mentioned held its meetings in a model-Toom 
constructed at 15> Duke Street, Westminster, as a temporary 
class-room, and in reference to sanitary improvements. It hei 
latterly been occupied as a laboratory attached to the Museum 
of Economic Geology. 

The progress made in the more general introduction of 
chemistry since that period, is attested by the numecouB 
establishments in which this science is now taught, where no 
instruction had been previously given in this department; 
and while many concurring causes have contributed to ac- 
celerate this result, it is impossible that any one can look 
back to the state of this question for fifteen or twenty years, 
without some satisfaction at the totally different aspect which 
it now presents. And though it can only be considered as 
beginning to engage attention in the more extended form 
required to meet the wants of society, the preceptor in the 
elementary school has now the most ample means of satisfying 
himself, that without his assistance in the introduction of science, 
the pupil at universities, and the apprentice to the agricul- 
turist, the medical man, the architect, the engineer, and the 
manufacturer will be as deficient in the basis of his pro- 
fessional education, as an Oxford or Cambridge student wookl 
be in classics or mathematics were he never to acquire any 
instruction in Latin or arithmetic till he should join college in 
either university. 

" 4856. — I would have no hesitation in saying, that werea 
course provided not merely for artisans and mechanics, but 
for the common people, in which those subjects alone should 
be introduced that bear practically upon their own comfort and 
convenience, it might have the effect of doubling the value t^ 
the poor man's income to him." 

" 4860. — I look upon the knowledge which is commnm- 
cated in the study of physical science, of the economy of die 
human frame, and its relation to external agents, as so impor- 
tant in reference to health and comfort, that on this ground 
alone, were no other brought forward, I would advocate the 
study of physical science." — Extracts from statements made by 
Dr. Beid in 1835. — See Report on Select Committee on EdueoHon, 
and Evidence (Ireland) ; Thomas Wyse, Esq , M,P; chairman. 

It is trusted that these notes will assist the teacher who 

may not previously have attended to this subject, in tracing 

the extreme importance of the systematic introduction of the 

ehmenta of science in primary schools. It will be well, however, 

for all who desire to become mote lam\Vvax VvxJtv^^ vilXx^tsa 
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importance of the relations of those chemical agencies that 
affect man more or less in every condition of life, to conclude 
the study of the preceding pages with the careful perusal of 
the following Summary, and to consider, as practically as 
circumstances may permit, his own position in reference to 
the varied points to which they refer. 



BRIEF SUMMARY OF THE PRINCIPAL CHEMICAL AGENCIES 
AFFECTING THE DURATION OF HUMAN LIFE. 

In a chemical point of view, the materials of which the body 
is composed are subjected to a continued series of changes 
throughout the whole period of life. They may be influenced by 
the vital powers to a degree and in a mode that has not 
hitherto been developed or explained ; be this as it may, the 
chemical agencies of the different elements do not appear to be 
changed, the wonderful organisation or apparatus in which 
they are placed being the cause of all those peculiar results 
that arise whenever they are received within the circle of living 
action. (638, p. 129). 

To take 'an example from a familiar case of chemical action 
we may refer to the combustion of fuel under different circum- 
stances, and compare these with the varying cotiditions under 
which chemical changes may ensue in the living frame. The fuel 
may be consumed in the open air, or the combustion may be ex* 
tinguished from the exclusion of air. In a fireplace the combus* 
tion is more perfect and more easily regulated. In a furnace, the 
intensity of heat is greater, but the duration of the combustion 
is proportionally diminished. With a blast from a bellows, a 
still more powerful but more brief effect is developed. Let the 
fuel be charred and mixed with nitre, which may be regarded 
as a condensed atmosphere of air or oxygen, and the whole 
may be consumed with explosion in an instant, as during the 
detonation of gunpowder. Lastly, all such changes must be 
more or less influenced by the very quality of the materials 
used, whether we look to the fuel employed or the different 
conditions of the air or other matters brought to act upon it. 

So, in the same manner, with the materials of which the 
bod^ is composed, making allowance for the great difference 
of circumstances, they may be consumed slowly and equally, 
and life sustained for a long period by the temperate and equal 
supply of food, the right selection of materials, and the proper 
control of the mind in whatever way it may affect the body. 
Or, by excessive exercise, the i:a« oi %^m\)NssL\A^ ^ie.^scosn% 
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passions, and over-exertion, whatever the cause may be, thede 
chemical changes in the living system may proceed unequally, 
with undue rapidity, or terminate in a moment, as on the 
administration of a fatal dose of any poison that instantly 
induces changes incompatible with life. The animal ftrame may 
also, like different varieties of fuel, be very various in its 
composition, and prone to death in one instant from very 
slight causes. Or, it may be tenacious of life, and resist for a 
long period agencies that would overcome, almost without a 
struggle, a feebler condition of bodily existence. 

Excluding accordingly in these remarks, the consideratkn 
of all those questions that come more especially within the 
province of physiology or other departments of science, the 
following points require attention, particularlv as affecting the 
quality, the quantity, and the mode in whicn any matenal is 
brought to act chemically on the Human Frame. 

Let it be also recollected that in one case the blood may 
predominate, in another the nervous system, in another the 
muscular system, and so on indefinitely, and in endless varieties 
of combination, throughout the whole materials or textures of 
which the body consists, each having peculiarities that may 
render it more amenable to some influence, or protect it from 
others, according to the circumstances of every •individual 
constitution. 

The statistics of different places indicating an extreme variety 
in the duration of human life, and the progress of practical 
science having pointed out many preventible sources of disease 
and death, it is fair and reasonable to assume that the present 
average length of human life in different districts cannot be 
held as any certain indication of what the value of life may 
become, in proportion as the knowledge of former and recent 
years may be practically applied in improving the condition «f 
mankind. In some places, half the population have been 
known to die under nve years of age. In others, numerous 
weU attested cases of longevity occur, notwithstanding ex- 
treme exertion, great privations, and other known and admitted 
causes unfavourable to the prolongation of life. When, there- 
fore, the advantage of a good constitution shall be comlHned 
with all those appliances that are calculated to give pure air, 
proper exercise, well selected food, and those habits of mind 
and body that are favourable to length of life, it is not too 
much to expect that a very material addition may be made to 
its duration. It has been frequently stated that this questioa 
has been already settled, and that the days of man are> on the 
authority of the 90th Psalm, but lYix^^ftcox^ wv^ ^««^. '^^swk^ 
however, is considered by exmnent commeototewXftX^^^^^n 
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erroneous interpretation of the 90th Psabn, which is translated 
as expressive of regret that at a particular time the duration of 
life had been reduced to that period, and not as an authori- 
tative announcement that seventy years was to be the term of 
human existence. 

FOOD. 

In the supply of food, the first fact requirinpf attention is 
that it shall contain all the elements requisite for the structure 
j(tf the human frame. One article of diet is not in general 
sufficient for the maintenance of life, however large the quan- 
tity, unless of a complex quaHty, such as the most nutritious 
grains. Sugar, for example, containing no nitrogen would be 
totally unfit in itself either for the production of blood or 
muscular fibre ; wheaten flour contains much gluten, in which 
there is abundance of nitrogen, and is therefore highly prized 
as an article of food. The potato, on the other hand, being 
deficient in this respect, is proportionally less valuable. 

Exclusive of the presence of carbon, oxygen, hydrogen and 
nitrogen, which constitute the great mass of the materials 
required for food, and are therefore termed the primary organic 
elements, many saline and earthy substances are required in 
small proportion which are essentially necessary for the main- 
tenance of life, and the production of various tissues that are 
formed in the living frame. Potassa, soda, lime, iron, sul- 
phuric, phosphoric and muriatic acids have been found in the 
bone, in the blood, in the muscle and other animal products. 
Other combinations of sulphur and phosphorus have also been 
ascertained to exist. Even silica ana fluorine have been 
noticed, the latter in combination with calcium in the enamel 
of the teeth. The blood in the human frame is always alkaline, 
and free muriatic acid may be separated by distillation from 
the contents of the stomach in certain stages of digestion. 
The great point to bear in mind, however, is that where a 
proper proportion of animal and vegetable food is available, 
there the body can receive the highest development with the 
least tear and wear of the energies of life ; and that in nations, 
as in individuals, a defective quality of food in point of che- 
mical composition is always attended with pernicious results. 

Next to the composition of food, the most important point 
is the condition in which it is administered. Though the art 
of cookery has existed from the remotest period, every day's 
experience shows the extent to whic\v\tTa^^\i^\m\8t^^^^«^«^ 
jn the most ordinary operationa •, lox exasco^^, \»> ^x«^ws5i!*.^ 
meat for ordinary use by heating it m vwXiet, ^^\i«eXV»=^^ 
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to place it at first in boiHng water, maintaining it in this 
condition for a few minutes only, so as to form an impenetrable 
crust or shell on the outside oi the mass, after which ftho. 
operation is most advantageously completed at a temperatorci 
ot about 160^ F. If a contrary process be adopted* cona- 
mendnff the action with cold water and with the meat cut in 
slices, the temperature being very gradually raised, excelleoC 
soup may be formed, but the meat itself is comparatively 
insipid, being deprived of the juice and saline matters that |ur» 
retained bv the previous process. If boiled from first to kuK^ 
the heat being maintained constancy at 212^ the intennil 
portions acquire the same touglmess as the external crust. 

It is scarcely necessary to remark that a much more syato* 
matic attention to the chemical details of cookery than has in 
general been accorded to it, will prove eoually a measure 
of economy, and promote the production otamore palatable 
and nutritious food. 

In respect to the quantity of food required for sustaining 
the human frame, as a deficiency retards development, so an 
excess proves injurious in a twofold mode, not only over- 
loading the system to an extent which the existing apparatus 
cannot overcome, but leaving materiids subject to spontaneous 
chemical changes within the frame, if not controlled sufficiently 
by the action of the gastric juice, the bile, and other matters, to 
whose full operation it should be subjected during the or* 
dinary process of digestion. 

Again, in looking to Uie various materials that are uaed 
along with the more plain and substantial articles of food, 
a very little reflection will show that these must each indi^ 
vidually exert peculiar effects according to their special com- 
position and properties, augmenting or diminishing the energy 
of particular organs, or acting on all through the blood, to 
which they inay impart peculiar properties. Tea, coffee and 
tobacco, each produce specific effects. Beer, wine, and other 
spirituous liquors, all convey alcohol to the blood, the evapo- 
ration of which in the air-cells of the lungs, or as it is 
discharged by the pores of the skin, may be attended by 
a consumption of oxygen, producing for a time increaaed 
temperature and an unusual development of carbonic acid. 
These are productive of injurious effects, independent of tha 
direct effects of the alcohol before it is discharged, and the 
consumption of part of that oxygen that would oUierwise have 
been available for the whole system, whenever they are consumed 
too largely, nor do they appear, except when required medi- 
ciaaUy, to he in any way reaninXA lox 1^ ^x^AfeTH^aasni ^ 
health. ^ ^ ^ 
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Lastly, articles of food are tmfortnnately as much subject to 
adulteration as any other matters that are the objects of com- 
mercial speculation. Many details, however, connected wi^ 
their preparation, often lead to their accidental contamination 
where there may be no fraudulent intention, or where some 
special ingredient may be added to produce a particular effect. 
Thus alum and other substances added in certain proportions 
to wheaten flour may improve the appearance of the bread 
made with it, but many constitutions suffer severely from the 
constipating effects which it produces without suspecting the 
cause. On having recourse to a different kiud of flour, less 
fine in quality, and ftree from such additions, health is again 
restored. 



AIR. 

The paragraphs on air and its elements and on ventilation 
having explained the more important chemical facts connected 
with its history, it is desired in this note to point out em- 
phatically the extreme magnitude and continuity of its opera- 
tions in its action on the human frame. 

If it be remembered that it is ever in contact with the 
surface of the body, and that the provision made by nature fat 
applying it directly to the living blood in the human frame 
produces no less than twenty-eight thousand eight hundred 
respirations every twenty-four hours, we shall then form a 
better opinion as to its incessant action, and of the important 
results that must follow its operation. It is also to be recol- 
lected that the surface of the air-cells in which the blood is 
distributed throughout the lungs exceeds bv many times the 
whole surface of the body, and thus affords the most ample 
opportunity for their intimate contact. Nor is this all; the 
oxygen is considered to be absorbed by the substance of the 
blood and carried thereby to every fibre of the living system. 
But all such arrangements are impaired in their action when- 
ever respiration is carried on in a room or locality where the 
atmospheric air is not sufiSciently pure. 

The atmosphere being the great emporium into which all 
gases and vapours ultimately pass, there is nothing that can 
evaporate or assume the gaseous form which it may not 
contain. All animal and vegetable matters tend ultimately 
to develop carbonic acid and water, and therefore, in search- 
ing for local causes of impurity, we may omit their presence, 
unless the proportion be steadily and penQ»S!kit\^ vq^^^sasc^^^ 
from the operation of some local caoAA. . . 

Where clay predominates, t\ift soaWiQisM^ conBfi»»to?«'^ ' 
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perrious to moisture, it tends to remain on the surface of 
the ground until evaporated by the action of the sun and air. 
In such districts accordingly, the air is generally more or less 
loaded with moisture. 

Where gravel abounds, the water escaping with facility from 
the surface leaves the superincumbent atmosphere, companh 
tively dry. 

Low lying situations are subject to an excess of moistiiee 
from the water that generally accumulates there, and alao^tp 
the predominance of fog, mist and dew whenever the tetiljse- 
rature of the air is not sufficient to retain the evapomted 
water in solution. 

Where large tracts of land are loaded with water, and vtfi^ 
tation at the same time prevails, emanations arise whose preeise 
nature is imperfectly understood, but which are prone to 
induce fever by their action on the human frame. The more 
rich and luxuriant the vegetation and the greater the debris 
of animal and vegetable matter associated with it, the more 
prone is the district under particular conditions of the atmo- 
sphere, and at certain temperatures, to discharge offensive 
products destructive to animal life. At a low temperature and 
at a high temperature these changes take place in a less 
degree, or become altogether arrested. 

When such emanations are conveyed through the air to the 
body, they are absorbed by the blood in the lungs, and many 
fevers appear to be developed in this manner, the successive 
changes that ensue during their progress being intimately con- 
nected with, if not absolutely dependent on, chemical changes 
induced in the blood by the matter communicated to it. 

In high and elevated situations, not only is the air compa- 
ratively free from impurities, but its relation to moisture ia so 
altered, that evaporation proceeds much more rapidly than at 
a lower level, and many who are subject to a depression and 
loss of strength at a lower level acquire a gaiety and elasticity 
of spirits in a higher level, which is largely connected witn 
this cause. Others, again, give a preference to a lower level. 

In countries that are highly cultivated great changes are 
often induced in the state of the air, the growing vegetaUes 
consuming as their natural food many substances that would 
otherwise run into offensive putrefaction and decay. The 
drainage of the land also* wherever it is introduced in the 
effective manner recommended by modem agriculturists, largely 
improves the condition of the atmosphere. 

The peculiarities of each individual constitution render it 
amenable to various effects from one and the same atmosphere, 
secording to its relations to heat and coId» the freedom 
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which moisture passes through the skin, the irritahility of the 
lungs and the nature of the diet, occupation and exercise. 

llie emanations from manufactories are often exceedingly 
deleterious, and may exist of any products discharged in th!e 
form of gits or vapour, and loaded with charcoal or other 
matters mechanically suspended in them. 

All such emanations may be destroyed by fire, condensed by 
water, or retained by mechanical arrangements adapted to the 
processes in which they may be disengaged. 

The term smoke is applied in common language to a great 
number of products, continually var3ring according to the 
materials from which they arise : among these the following 
should be particularly noted in addition to those mentioned in 
416, p. 94. 

1. The dense black smokb of manufactories consists 
essentially of carbon in a minute state of division, and indicates 
imperfect combustion and great irregularity in the supply 
of fuel, or a very objectionable method of introducing it into 
the furnace, except m those cases where the operations in 
progress require an atmosphere loaded with smoke. In a 
great majority of cases the amount of smoke discharged may 
be greatly reduced with advantage to the manufacturer. 

2. Smoke from Charcoal, coke and anthracite is generally 
invisible. 

3. Smokb from Wood is rarely black, but when wood is 
heated in manufacturing operations for the preparation of acetic 
acid, a very irritating tarry vapour is discharged. 

4. Smoke from Sulphurous combinations. In many 
manufacturing operations sulphur is evolved in the form of 
sulphurous acid. Sulphuric Acid and Sulphurbted Hy- 
drogen. Few ingredients from chemical manufactories have 
been more largely produced or been more injurious to human 
life in densely populated districts. Remarkable instances have 
occurred where the workmen in the manufactory have been 
subject to no complaint, while those in the vicinity have 
suffered severely. The reason was that the flues withdrew 
all the offensive compounds from the men, discharging them 
outside through the chimneys to the injury of their neigh- 
bours. 

5 Smoke with Hydrochloric acid has perhaps been 
discharged in larger quantity than other acid vapour. It has 
been produced principally in alkali works during the prepa- 
ration of soda. 

All these acid smokes are not only injurious to animal life, 
but also very inimical to vegetation. Many of the tall chimnevs, 
sometimes exceeding three or four hrndx^ i&^x *>s^ V«k%^^ 
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that are observed in manufiacturing districts, have been e6&- 
structed with the view of conveying such fumes to a distanee^ 
the dilution attendant on their motion through the air rendering 
their effects less marked when they fall upon the ground at s 
distance. So great is their intensity however, that they Mtty 
be tasted distinctly on some occasions at a distance of oiyes 
from the manufactory in which they are produced. 

6. Metallic smoke. The fumes from lead and ottnl^ 
metals, more particularly arsenic, are of a very deleterieM 
nature, and are sometimes carried for miles in horizontal ftbes 
before they are permitted to escape into the external atuwd^ 
sphere, lliey consist principally of the oxidated metals in a 
minute state of division. 

7* Empyreumatic smoke from organic products sub* 
jected to heat, however offensive, may be decomposed by 
causing it to pass through a red-hot furnace. 

8. Potrbscent smoke or vapours may be treated in 
the same manner as that in the preceding case. The amount 
of injury to health which they produce can scarcely be credited 
except by those who have minutely investigated this subject. 

Lastly, all accumulations of decomposing organic matter, 
whether collected for manufacturing operations or other par- 
poses, must be regarded as a source of offensive emanations 
injurious to health. Among these none is perhaps so per- 
nicious in large towns and populous districts as the interment 
of the dead in the midst of the living. Till legislative enact- 
ments shall have effectually put a stop to this practice in towns, 
they will never be free from one of the most oppressive sources 
of disease and death. 

water. 

Water being an agent of such universal importance, and in 
daily use for so many varied purposes, too much attention 
cannot be bestowed in securing an abundant supply from a 
pure and wholesome source. It is to be remembered also, 
that it penetrates the whole system and forms the largest 
portion of the blood itself, constituting nearly four-fifths of its 
weight. It is therefore the medium through which all nonrish- 
ment is conveyed to every portion of the system, aU decaying 
particles removed during the ever-changing conditions of life, 
and noxious products cast off which would prove the source of 
disease, were they not continually removed by its operation. 

In studying tne properties of water in relation to health, 
and bearing in mind, in addition to the facts explained in 
Chapter XL, that the purer the water and the more free from 
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colour, taste and smell, the more p^enerally available will it be 
for all ordinary purposes, it is important to examine the 
cistern or reservoir in which it may be kept for daily use, and 
the sources of contamination to which it may be there ex<* 
posed. 

All wooden cisterns are prone to decay, and reservoirs of 
stone or metal are therefore much preferred^ where no special 
chemical properties of the water forbids their use. Even there, 
however, periodical cleansing should be systematically resorted 
to as the only certain means of retaining them in a proper 
condition. 

Again, all water cisterns are usually provided with a waste 
pipe which is sometimes conveyed oirectly to an adjoining 
drain. Wh^n this is the case, unless a bend in the pipe, or 
«ome other equivalent arrangement shall cut off all direct 
communication between the drain and the cistern, it may 
become largely contaminated with impregnations from the 
drain, the tube conveying emanations from it to the surface of 
the water where they are absorbed. In this manner not only 
the water but the atmosphere of the house generally in which 
such tubes exist may be contaminated with an indefinite 
amount of gaseous products arising from an equally indefinite 
area of drains, according to their distribution in the vicinity 
and connection with other drains. 

If the water in use be supplied by a public company, infor- 
mation as to the source from which it is obtained and the 
operations to which it may be subjected should be procured, if 
either chemical tests or any other cause lead to a suspicion of 
its wholesomeness. 

In some districts the presence of earthy salts, particularly 
when combined with certain varieties of food or drink, are 
considered to promote the formation of calculus complaints, 
one of the most severe maladies to which humanity is subject. 

All water exposed to any admixture from drains can never 
be considered equal to that obtained from unobjectionable 
sources, though a good system of filtration and aeration of the 
water by exposure to air and percolation through porous 
materials may reduce largely any source of offence. 

By fermentation, by charcoal and by the action of lime 
(subsequently separated as a carbonate on exposure to the air), 
water loaded with impurities may often be rendered fit for use. 
But such processes are only to be resorted to as a matter 
of necessity, in extreme cases, where a proper supply of good 
water cannot be obtained. 

Where water is obtained from a common pump or well, too 
many inquiries cannot be made as to the souic^^ ^^\&^^\s»!^ 
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it derives its supply. It has too often happened in popnlotis- 
districts that such wells are contaminated by the infiltration of 
impurities from graveyards, drains, cesspools, gas-works and 
Other manufactories. Nothing but a local inspection can g^ve 
any real security as to the source and quality oif the water. 

In artesian wells the water springs up from a variable depth, 
whenever a superincumbent and impervious bed of clay or 
other material shall have been penetrated. From such sources 
water free from organic matter may be obtained, but it is oft^n 
highly charged with salts of soda and lime. •^''■[ 

All water that deposits a thick crust in the tubes in which it 
may be conveyed, or when used in a boiler, should be carefully 
examined so as to note the precise amount of impurities it may 
contain. In some cases, by boiling and subsequent filtrationi 
or the deposition of a sediment, such waters become extremely 
pure. 

The great purifying influence of water upon blood arises 
from its power of solution, and the extent to which impurities 
adhere to it. Accordingly as large quantities may be added 
to it, and discharged again with rapidity, few agents contribute 
more to the preservation of health, if, at the same time, other 
liquids charged with noxious impurities or intoxicating spirit 
be avoided. It may be said in such cases literally to wash the 
blood, and conseouently to purify and refreshen the whole 
system. Fever and some other diseases are sometimes arrested 
by its action in a short space of time. The most effectual 
mode of applying it where it is required to act on the blood or 
the skin consists in combining its action with that of steam 
and warm air. The skin should previously be well washed 
with hot water, to which a very little caustic potash is added 
that the pores of the external surface may be freed from all 
external covering. The patient then sitting on a chair placed 
in the bath box, and subjected to a current of warm air xftixed 
with steam, perspires freely, the heat and moisture accelerating 
the circulation and relaxing the skin. A warm shower-bath 
placed above him washes the surface from time to time and 
removes all sensible perspiration. By giving warm, palatable 
diluents, the action may be maintained with energy as long as 
may be requisite. In this manner individuals labouring under an 
offensive breath, having the heavy and oppressive character of 
that observed in fever, have it restored to its natural character 
often in a quarter or half an hour, and escape the attack which 
may have otherwise been impending over them. 

Jt is curious to remark that cold water, hot water and 
numerous other remedies have beeu xx^^^ viv levet Vtwa. \:\TBfc 
unmemorial, with the view of cutdng X\i^m ^otxXi^ Vtt^xwsrof, 
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perspiration ; but by the combined action of heat, air, water 
and steam in the manner described, their chemical agencies 
are more effectually developed with rapidity and without injury 
to the patient than in any other way. 



CLOTHING. 

Porous clothing, made of flannel, or that which most nearly 
approximates to it, conduces most highly to health, permitting 
freely the ingress and egress of air and gases, while it is 
not liable to cause that feeling of cold or that sudden checking 
of perspiration which is apt to be produced by linen or other 
materials of a different texture. 

All waterproof and airproof clothing, however useful in 
temporary circumstances, obstructing the natural perspiration 
altogether, or returning it in condensed moisture on tne skin, 
and excluding a proper supply of air, ought to be avoided as 
much as possible. Even a light waterproof cloak placed 
loosely round the person obstructs the perspiration to such an 
extent as to be injurious to many constitutions. 

Fortunately the practices and opinions of the present day 
are generally hostile to that deformity and destruction of health 
that necessarily arises from an undue compression of the chest, 
though there are still too many individuals who are not suffi- 
ciently aware of the injuries they inflict upon themselves in 
this respect. Could they see for a moment the distortions 
they produce, or the manner in which the whole machinery of 
circulation and respiration are affected, they would perhaps be 
induced to take a lesson in time before the general health 
gives way. Everything that tends to diminish the cavity of 
the chest necessarily renders the lungs less fit for keeping the 
amount of blood the body requires in good condition, inde- 
pendent of the injuries that may be caused to particular organs. 
The chemical changes ever in action throughout the living 
frame are consequently performed with less energy and with 
an imperfect material. 

In young and old persons, in particular, it is important that 
the temperature of the feet and hands should be carefully 
attended to as the circulation is apt to be carried on languidly 
there in proportion to their distance from the heart. 

At a period when the whole subject of clothing is engaging 
a more marked attention than it has ever attracted in previous 
days, the deep close confined boot should Vi^ ^'j^^^'^^ Vst^ 
a more open texture, wherever QpecVa\ ex^ow»^ ^^^'^ ^^'v "s^- 
cessitate its use. 
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HABITATIONS. 

In selectinfj^ a hoase for a permanent dwelling, the foUowing 
are the more important chemical points that demand attentioii, 
many of which will suggest themselves in each individual case 
that are purely of a local character. 

1. The foundations. When the foundations of a bouse 
do not rest on a hard, dry» rocky or gravel bed, or whoit 
moisture from any cause is apt to come in contact with lAmokt 
it is of primarv importance to take every available opportmnty 
for the exclusion of damp. Whenever the drainage or other 
circumstances do not secure this, the occupation of the lowmr 
apartments at least will be detrimental to health. The .wmter 
from damp foundations extends to a variable height in poroui 
stone, brick or plaster work. A layer of cement or slate is 
often used to prevent its progress beyond a particular point. 
Metals have been employed for the same purpose. A layer of 
asphalte or pitch is perhaps still more effectual, more econo- 
mical and less liable to decay. In some cases a course of 
bricks has been built above this layer, the bricks being 
thoroughly dried and heated first, and laid with well-boiled 
soft pitch instead of mortar. 

2. Materials. The less pervious the materials to moisture 
and the less their conducting power for heat, the more com- 
fortable in general will the house be. An inner coating of lath 
and plaster, or of paper extended upon canvas, tends still more 
to keep out external heat and cold, llie numerous resources 
afforded by iron, glass, cements, bricks and tiles have intro- 
duced fire-proof materials to a great extent in many buildings, 
rendering protection from external heat and cold often more 
necessary than in former structures, the thinness of the walls, 
as well as the material employed, contributing to this result. 

One great advantage however has ensued, namely, the dimi- 
nution in the danger from fire ; and it would be well were 
fire-proof materials to be used still more largely in the con- 
struction of the fittings, and even of the furniture of ordinary 
apartments. 

3. Fireplaces, llie less iron used in any fireplace, the 
more the fuel is immediately in contact with fire-brick ; the 
lower its position in reference to the floor, and the more 
complete the control by a valve of the amount of air permitted 
to escape by the chimney, the more convenient and comfortable 
will it be found. 

A large chimney having a wide o^^mn^ «.t the top where 
it terminates in the external ait, and d\%<^"ax^w^ ^a. tv^^ 
current passing with great force VSwroxx^ «Kt «:^wxx.xsi«i!kX.,S^^. 
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serious evil. It is well to diminish it to a half, or even to 
a quarter of its area at the top if necessary. 

Where the staircase and passages of a house are heated with 
a stove or a hot water apparatus, a comparatively mild and 
agreeable climate may be maintained in the different apart- 
ments. 

4. Ventilation. A general supply from the staircase or 
passages may be made available for the whole house. Where 
there is any deficiency in this respect the circulation of one 
apartment interferes with that of another. See pages 95 and 170. 

The great object is at all times to permit an abundant ingress, 
but to regulate the amount that enters by the area of escape. 
In cases, however, where the ingress is from a high level, it 
may also require regulation, otherwise part of it may supply 
and another portion of it may discharge air. 

When panels over the doors in individual apartments can be 
opened or shut to any extent, such an interchange between 
them and the staircase may be permitted as may be desirable. 
The staircase may in this manner be considered equivalent to 
the external atmosphere, care being taken to permit a continual 
interchange between it and the outer air, according to the 
demands made upon it. 

When fireplaces are in operation in individual rooms they 
will necessarily draw from the passage 'and discharge by the 
chimneys. An aperture made into the chimney near the 
ceiling and protected by a valve, secures a discharge at a high 
level, an object of great practical importance. 

If the whole space immediately below the ceiling were formed 
into a chamber for the admission and egress of air, a porous 
structure being interposed between it and the apartment, it 
would not give more diffusion than would be advantageous in 
certain conditions of the atmosphere. 

A common window is abundantly ample for supplying the 
air required under ordinary circumstances when the air within 
and without is not at the same temperature ; but being subject 
to every variety of impulse which external currents may pro- 
duce, it is neither equal nor effectual in its action unless 
adjusted to every passing change, while on some occasions it 
may fail altogether in producing the amount of effect required. 

A house that is supphed with an egress from each individual 
apartment, a general supply to and discharge from the passage, 
and ample diffusive arrangements for the admission of air in 
individual apartments, secures the most important reQ^\%\\ft». 
for good ventilation. To these mwsX \ift «A^fe^ ^^ ^S^^^'Cv^^ 
action of every fireplace without retwinvcv^ «w\oV^» "a-"^^ '^^. 
removal of all vitiated air from dram^, c\o*eXA, A^^«'^^^'^'^ "^^ 
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gas or oil lamps, where an illumiDation is sustained beyond that 
which is afforded by an ordinary candle. 

5. Gas, The more extended use of gas, not only for illumi- 
nation, but also for numerous purposes where a moderate, 
gentle, or local heat is required, is gradually increasing. 
Though, weight for weight, it is much more costly than 
ordinary fuel, still when the facility, rapidity and cleanliness 
with which it can be used are taken into consideration, it will 
be found on numerous occasions less expensive and much 
more convenient than ordinary fuel. But unless the products 
of combustion be carried off by adequate ventilation adapted to 
each burner, the same pernicious effects will arise as from coa) 
burnt in ft room without any chimney. 



DRAINAGE. 

The hundreds of thousands of houses in which the arrange- 
ments for this purpose are deficient, and the great progress 
that has been made of late years in the adaptation of effective 
provisions for this object, render it important that these should 
be very carefully examined, so as effectually to exclude all 
products arising from the putrefaction of animal and vegetable 
matter. 

Formerly cesspools, or large tanks were recommended, 
which were in general cleaned periodically, often at very distant 
intervals, or connected with large drains of indifferent con- 
struction, both of which have been fitly described as reservoirs 
for the production of disease. 

Now, however, cesspools in individual houses, drains or 
sewers are abolished, and, instead of large drains, small earthen- 
ware tubes or pipes are employed, the flow of water through 
which removes at once to the sewer all the refuse that may 
enter them. 

The sewers, further, are placed on a much more systematic 
footing according to the plans now in progress. Levels are 
carefully attended to, and the form of the sewer, so as in the 
greatest degree practicable to diminish the possibility of stag- 
nation. A system of flushing, that is, occasionally flooding 
each sewer with water, has also been introduced, where this 
additional precaution is necessary. 

In densely populated districts, where the levels are not 
avourable, a system of pumping by steam power is adopted as 
a weans of compensation. 
All these measures have been lesoxx.^^ Xo ^l\.«t ^ ^'w^lial 
examiDation of the immense extent to vAi\t\i ^\^^^'&«. ^\A (J^^-ssJia. 
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arise from the various chemical products evolved from ordinary 
drains and cesspools. 

It should be remembered that even in cases where disease 
did not positively manifest itself, a low tone of health was 
often 'induced alike destructive of all comfort and capability of 
exertion. In country villages and in the outskirts of lar^e 
towns where systematic drainaf^e has not been introduced, the 
proper substitute is the formation of dry closets built of iron, 
stone, asphalte or other waterproof materials, and the daily 
addition of powdered peat charcoal, dry earth and ashes, or 
other absorbents of moisture such as can be obtained in each 
individual locality. 

These arrangements, combined with a regular and systematic 
system of cleansing, undertaken by parties who repay them- 
selves by the sale of the products they remove for agricultural 
purposes, will go far to diminish the extreme condition even 
of thousands upon thousands of newly-built cottages in the 
vicinity of the metropolis and other places. 

Where measures for drainage and cleansing, such as have 
been described, have not hitherto been introduced, the free use 
of lime, chloride of lime, or muriate of zinc, and the evolution 
of small quantities of chlorine and nitrous acid in the apart- 
ments subject to their emanations will be found beneficial. 
But these alone do not give permanent satisfaction. The mass 
of corruption ought to be removed. With every fall of the 
barometer the vicinity may be flooded by the escape of offen- 
sive emanations as they are more or less relieved from 
atmospheric pressure. 

Where a large extent of drains is loaded with decomposing 
debris it is important to have two apertures formed, fresh air 
being permitted to enter by one, and offensive gases to escape 
by the other. A chimney placed over the latter and the intro- 
duction of a small fire when necessary secures the discharge 
and decomposes the products evolved. 



These brief memoranda, if connected with the elementary 
explanations given in the preceding pages, will show how 
largely chemical considerations are associated with many 
questions affecting the duration of human life. They might 
be extended in reference to the influence of Exerciae^ Occu- 
pations, the origin of Disease, the iti^vxeiie^ qH ^^ \cksA «^ 
the body, and the action and deveVopTCi^ivX. ^'vCavo. \Jftfc ^>n>^'^ 
system of electncsl forces that axe p^TV^twaJ^'i V». o^et-ascvss^- 
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But in an introductory treatise it has been considered sufficient 
to advert to the more prominent facts that have been men- 
tioned. The careful observer will everywhere have many 
opportunities of noticing peculiar phenomena that may be 
elucidated by an appeal to his former studies^ and if he will 
only endeavour to look upon the world as a great laboratory in 
which operations are constantly in progress in unison with the 
laws he may have studied at home or in the class-room, he 
will soon learn to interpret many of the previously mysterious 
phenomena of nature, and apply his own knowledge to the 
progress of Science, Art and the Economy of Daily Life 
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Structure, 12ml). With Wood-cuts. London, 1850 . 6 6 
' Views of the Grander Revolutions of our Globe. 



12mo. With Wood-cuts. London, 1850 . .066 

The Arrangement of the Fixed Stars. 12mo. 



With Plates. In the Press 

The Architecture of the Heavens. New Edition, 



with Plates and Wood-cuts. 8vo. London, 1851 . 16 

Regnault. An Elementary Treatise on Crystallography. 
Illustrated vnth 108 Wood Engravings, printed on black 
ground. 8vo. London, 1848 . . .030 

Reichenbach (Baron Charles). Physico-Physiological 
Researches on the Dynamics of Magnetism, Electricity, 
Heat, Light, Crystsdlisation, and Chemism, in their 
Relations to Vital Force. The complete Work from the 
German Second Edition, with Additions, a Preface and 
Critical Notes, by John Ashburner, M.D. 8vo. 
With Wood-cuts and One Plate. London, 1851 . 15 

Richardson. Geology for Beginners; comprising a 
Familiar Exposition of the Elements of Geology and 
its Associate Sciences, Mineralogy, Fossil Conchology, 
Fossil Botany, and Paleontology. By G. F. Richard- 
son, F.G.S. 2nd Edition, post 8vo. vrith 251 Wood-cuts, 
1843 . . . . 10 6 

Stars and the Earth. The Stars and the Earth; or 
Thoughts upon Space, Time, and Eternity. 4th Edi- 
tion, Eighth Thousand, 2 Parts in 1, 18mo. London, 
1850 . . . . .020 

Thomson. Chemistry of Organic Bodies — ^Vegetables. By 
Thomas Thomson, M.D., F.R.S., L. & E., Regius Profes- 
sor of Chemistry in the University of Glasgow, Corre- 
sponding Member of the Royal Academy of Paris. 1 
large vol. 8vo. pp. 1092, boards, Loudswi, \%'?»% . ^^ ^ ^ 

Heat and Electricity. 2xA 'adi^.voii, \ ^^. '^'*^* rv x^ ^ 

lUustrated with Wood-cuta, London, \«i^ • • 
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Thomson. Chemistry of Animal Bodies. 8yo. Edinburgh, 

1843 . . . . . 15 
(R. D.) British Annual and Epitome of the 

Progress of Science. By R. D. Thomson, Assistant 

Professor in the Uniyersity of Glasgow. 3 vols. ISmo. 

doth boards, lettered, each . . .036 

First Year, 1837. 

Contains numerous Practical Tables of Weights, Measures, and 
Coins. The Popular Papers are by the Rey. B. Powell; C. Tom- 
linson, Esq. ; W. S. B. Woolhouse, Esq. ; T. S. Dayies, Esq. ; 
R. D. Thomson, M.D. 

Second Year, 1838. 

The Popular Papers are by T. Thomson, M.D., Regius Professor of 
Chemistry in the Uniyersity of Glasgow ; R. E. Grant, M.D., 
Professor of Comparatiye Anatomy in the Uniyersity C<^lege, 
London ; R. D. Thomson, M.D. ; Life of James Watt, Illustrated 
with a Portrait ; H. H. Lewis, Esq. 

TTdrd Year, 1839. 

The Popular Papers are by J. S. Russell, Esq.; Professor 
R. E. Grant ; H. Gamier, Esq. ; R. D. Thomson, M.D. 

Natural History. 

Martin. A General Introduction to the Natural History of 
Mammiferous Animals ; with a particular View of the 
Physical History of Man, and the more closely allied 
Genera of the Order ** Quadrumana," or Monkeys. 
Illustrated with 296 Anatomical, Osteological, and other 
Engravings on wood, and 12 full-plate Representations of 
Animals, drawn by W. Haryey, I vol. 8yo. London, 
1841 . . . . . 16 

Prichard. The Natural History of Man ; comprising In- 

quiries into the Modifying Influence of Physical and 

Moral Agencies on the different Tribes of the Human 

Family. By James Cowles Prichard, M.D., F.R.S., 

M.R.I.A. Corresponding Member of the National 

Institute, oi the Royal Academy of Medicine, and of 

the Statistical Society of France; Member of the 

American Philosophical Society, &c., &c. 3rd Edition, 

enlarged, with 50 coloured, and 5 plain Illustrations, 

engraved on steel, and 97 Engtawm^ on -^wi^, xo^il 

Svo. elegantly, bound in cloth. LoiiiDii,1^4& . \ \^ ^ 
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Prichard. Appendix to the first and Second Editions of the 
Natural History of Man, large 8vo., with 6 Coloured 
Plates. London, 1845 & 1848. Each . .036 

Six Ethnographical Maps, as a Supplement to the 

Natural History of Man, and to the Researches into the 
Physical History of Mankind, folio, coloured, and 1 
sheet of letter-press, in cl. bds. 2nd Ed. London, 1850 14 
•- Illustrations to the Researches into the Physical 



History of Mankind. Atlas of 44 coloured and 5 plain 
Plates, engraved on steel, large 8vo. hf-bd. London, 1841 18 
On the Different Forms of Insanity, in relation to 



Jurisprudence. (Dedicated to the Lord Chancellor of 
England.) 12mo. London, 1842 . . .050 

Waterhouse. a Natural History of the Mammalia. By 
G. R. Waterhouse, Esq., of the British Museum. Vol.1., 
containing the Order Marsupiata, or Pouched Animals : 
with 22 Illustr. engr. on steel, and 18 Engr. on wood, 
royal 8vo, elegantly bound in cloth, Coloured Plates . 1 14 6 

Plain . . . .19 

Vol. II. containing the Order Rodentia ; or Gnawing 



Mammalia : with 22 Illustrations, engraved on steel, and 
Engravings on wood, royal 8vo. elegantly bound in cloth, 
Coloured Platbs. London, 1848 . . . 1 14 6 
Plain . . . .19 



The Natural History of Mammalia is intended to embrace an account of the 
structure and habits of all the known species of Quadrupeds, or Mammals ; to 
which ivill be added, observations upon their geographical distribution and 
classification. Since the fossil and recent species illustrate each other, it is 
also intended to include notices of the leading cfiaracters of the extinct species. 

The Genera, and many of the species, are illustrated by Engravings on Steel, 
and by Woodcuts. The modifications observable in the structure of the skulls, 
teeth, feet, and other parts, are almost entirely illustrated by Steel Engravings. 



Botany. 

Hooker. Icones Plantarum. By Sir. W. J. Hooker, 
Director of the Royal Botanic Gardens, Kew. New 
Series, Vols. I— IV, containing 100 Plates each, with 
Explanations, 8vo. cloth. London, 1842 — 44. Each vol. 18 

Vol. IV. Part 2. London, 1848 . 14 



The London Journal of Botany. Vols. I — IV, 



with 24 Plates each, boards. 1842 — 47 . .600 

Now reduce^ to 20 Shillings each Vol, 
Notes on the Botany of the Aa\«ic\.\cNw^:S8^,«s«w 



ducted by Captain James Ci.a.b.k. "BLo%%,'^.^.',^'^'^-> 
in HM.S. Erebus and Terror ; YfitYi 0>a^^tN«x:viti^ ^^^\ 
Tussac Grass of the Palkland li\«ad&. ^^^m ^«^^^ ^ 
Coloured Piates. London, 184^ 
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Hooker. Niger Flora ; or, an Enumeration of the Plants of 
Western Tropical Africa, Collected by the late Dr. Th. 
Vogel, Botanist to the Voyage of the Expedition sent by 
Her Britannic Majesty to the River Niger in 1841, under 
the Command of Capt. H. D. Trotter, R.N., including 
Spicilegia Gorgonea, by P. B. Webb, and Flora Nigritiana, 
by Dr. J. D. Hooker and George Bentham. With 2 
Views, a Map, and 50 Plates. 8vo. London, 1849 .1 10 

So H LEI DEN. The Plant ; a Biography, in a Series of Popular 
Lectures on Botany. Edited and Translated by 
A. Henfrey, F.L.S. 8vo. with 5 Coloured Plates, and 
13 Wood-cuts. London, 1848 . . . 15 



nomodopathic. 

GuNTHER. New Manual of Homceopathic Veterinary Medi- 
cine ; or, the Homoeopathic Treatment of the Horse, the 
Ox, the Dog, and other Domestic Animals. Translated 
from the 3rd German Edition, with considerable Addi- 
tions and Improvements. Post 8vo. cloth. London, 1847 10 6 

Hering (of Philadelphia). The Homoeopathist ; or. Domestic 

Physician. 2nd Edition, 12mo. London, 1845 .0 7 

Jahr. Manual of Homoeopathic Medicine. lit 2 Parts. 
Part I. — Materia Medica. Part II. — Therapeutical 
and Symptom ATOLOGiCAL Repository. Translated 
from the 4th Edition, and Edited, with Additions, by 
P. F. Curie, M.D. 2 vols. 8vo. London. 1847 . 1 12 

The most complete Work on the subject. 

Mesmerism. 

Barth. The Principle'of Health Transferable. 18mo. 2nd 

Edition. London, 1850 . . . .006 

— — A Manual of Mesmeric Practice, intended for the 

Instruction of Beginners. 12mo. London, 1850 .0 3 

BucKLAND. The Handbook of Mesmerism. 12mo. .0 10 

Capern (Ths.) The Mi^ty Curative Powers (rf Mesmerism, 
proved in upwards of One Hundred and Fifty Cases of 
various Diseases. 12mo. . . .026 

Deleuze. Practical Instruction on Animal Magnetism. 
Translated by T. C. Hartshorn. 4th Edition. With 
Notes, and a Life, by Dr. Foissac. l^mo. London, 1850 4 6 

Elliotson. Numerous Cases of Surgical Operations vrithout 

Pain in the Mesmeric State ; with Remarks upon the 

Opposition of many Members of the Royal Medical and 

Chirurgical Society, and others, to the reception of the 

inestimable blessings oi Meam«n&TSi. 'B'j ^^tv "^^^^^^ 

son, M.D. Cantab, F.R.S. Svo. liOTi^oa, \%^'2» .^ 'i^ 
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Reiciiexbach (Baron Charles). Pbysico-Physiological 
Researches on the Dynamics of Magnetism, Electricity, 
Heat, Light, Crystallisation, and Chemism, in their 
Relations to Vital Force. The complete Work from the 
German Second Edition, with Additions, a Preface, and 
Critical Notes, by John Ashburner, M.D, 8vo. 
With Wood-cuts and One Plate. Loudon, 1851 . 15 

Teste. A Practical Manual of Animal Magnetism ; contain- 
ing an Exposition of the Methods employed in producing 
the Magnetic Phenomena, with its Application to the 
Treatment and Cure of Diseases. By A. Teste, M.D. 
Transl. from the 2nd Edit, by D. Spillan, M.D. Ded. 
to John Elliotson, M.D. Cantab. 12mo. London, 1843 .060 
TowNSEND. Facts in Mesmerism, with Reasons for ? Dis- 
passionate Inquiry into it. By the Rev. Ch. H. To nsend. 
Second Edition, with a New Preface, and Enlarged. 

8vo. London, 1844 . . . .090 

The most Philosophical Work on the subject. 
ZoisT. A Journal of Cerebral Physiology and Mesmerism, 
and their Application to Human Welfare. PubUshed 
Quarterly, each Number . . . .026 

*j,5* This Journal contains papers by Drs. Elliotson, 
Engledue, Ashburner, &c. 
Thirty-one Numbers have already appeared. 

Nos. 1 to 28, forming 7 vols. 8vo. cloth 

boards. Each vol. . . . . 11 

Vol. /., Commenced April 1, 1843, being nearly out of Prints 

is £1. 



Boniface. Modern English and French Conversation ; 
containing Elementary Phrases and New Easy Dialogues, 
in French and Enghsh, on the most Familiar Subjects : 
for the use of the Traveller and Student. By M. Boniface. 
Sixteenth Edition, 18mo. London, 1845 . .030 

Ollendorff. A New Method of Learning to Read, Write, 
and Speak the German Language in Six Months. By 
H. G. Ollendorff. Translated from the Fifth French 
Edition. By G. J. Bertinchamp, A.B. Third Edition, 
Revised and considerably Improved. 12mo. bound, 1850 9 

A Key to the Exercises. 12mo. bound 1848 .0 4 6 
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Revue des Deux Mondes. Public tons les 15 Jours en un 

Cahier de 10 k 12 feuilles d'impression : 

Souscription pour I'Annee . . . 2 10 

6 Mois . . . . V '^ ''is 

3Mo\a . .^ .^v^^ 
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LIBRARY OF 
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STANDARD SCZSNTZFZC IVORKS. 



Undeb this Title the Publisher has already issued Nine Yolumes, aU printed in a 
fine t^e, in the octavo form, and illustrated in the most efficient manner. 

It IS intended that this Series shall embrace Works in the various branches ot 
Science by the most eminent men in their respective departments. Several are now 
in actual preparation. 

No expense has been, nor will be, spared to make this series of Works worthy of 
the support of the Scientific public. 

219, REOSNT 8TRSET, LONOON, AVD . BAILLIERE. 

169, FULTON BTHSST, NKW YORK, U.S. 



^Ireatig ^uhlizlftti. 



T. 
ProfteMor Miiller'i Principles of Pliyslca and Meteoroloflry. 

WITH 530 WOODCUTS AND TWO COLOURED ENGRAVINGS. 8V0. 18«. 

II. 

Professor IVelslMMSh's Mechanics of Macliinery and Engrineerlnff/ 

TWO VOLS. WITH 900 WOODCUTS, ^l. 19«. 

III. 

Professor Knapp's Technology) or. 
Chemistry Applied to the Arts and to Slannftustnres* 

EDITED BY DR. RONALDS, AND DR. R. RICHARDSON, 

TOL8. I. AND II. SPLENDIDLY ILLUSTRATED, PRICE, EACH, £1. 1«. 

IV. 

Quekett*s (John) Practical Treatise on the Use of the Microscope. 

SECOND EDITION, WITH STEEL AND WOOD SNGRAVINOS. 8V0. oSl. 1«. 

T. 

Professor Graham's Elements of Chemistry, with 
Its Application In the Arts. 

SECOND EDITION, WITH INNUMERABLE WOODCUTS VOL. I. £1. 1«. 

VI. 

Professor Fan's Anatomy of the External Forms of Man. 

Jfat Artiste. 
EDITED BY R. KNOX, M.D. 

8V0. AND AN ATLAS OF 28 PLATES 4tO. PLAIN jf 1. 4s, COLOURED j£^. 2«. 

VII. 

Itflchol's Architecture of the Heavens. 

Hihtati^ 1£liittan. 

8V0, WITH 8TEBL PLATES AMD WOODCUTS. VOttTkO'M, \\Sb\. \^. 
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